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~.....during 1914, 1915, 1916 
and 1917 we have replaced 
cylinders, pistons, piston- 
pins, connecting rods and 
all other parts of motors, 
but we have never replaced 
a part where Non-Gran 
formed the main surface of 
wear. ’ 
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HIS statement of fact, taken from 

a letter written in the interest of 
what proved to’ be the most thorough in- 
vestigation of bearing bronzes ever con- 
ducted in this Country, was made over 
the signature of one of the largest 
makers of fine motors in America. 





American Bronze Corporation 
Berwyn Pennsylvania 
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the size of the tractor, the number of plows it will 

pull or the drawbar pull For many years the 
sional session, and concluding in tne evening with one of 
the largest and most successful dinners ever held by the 
Society—the meeting held at the time of the Chicago 
Automobile Show brought out information and discussion 
of the sort that lead every member and guest in attend- 
ance to register their highest appreciation of the efforts 
of those taking part in and arranging the program. 

The standards meeting was held under the auspices 
of the Tractor Division of the Standards Committee of 
the Society, with Chairman Dent E. Parrett of the divi- 
sion acting as presiding officer. 


A number of subjects previously assigned to the divi- 
sion for consideration were discussed in order to give 
the division the benefit of the combined knowledge of 
the members at the meeting. Among these may be 
mentioned the punching of drive-wheel rims, power-belt 
widths, steel specifications, screws and bolts, spark-plugs, 
carbureter flanges, and fuel and lubrication pipe fit- 
tings. 

Chairman Parrett emphasized the importance of the 
work being done, and requested the presentation of any 
ideas of service to the division in its future activities. 
As a result some valuable suggestions were made both 
as regards the general scope of tractor standardization 
and the specific subjects under consideration. A com- 


plete report of the standards session is published else- 
where. 


[Nite fundamental design of a tractor involves first 


Tractor Engineering Session 


At the afternoon session, with President Kettering in 
the chair, a meeting was held at which four papers on 
fundamental tractor engineering subjects were presented. 
(These appear on other pages of this issue.) George T. 
Strite discussed the fundamentals of tractor design, ana- 
lyzing examples of present construction in order to show 
the future tendencies. H. C. Buffington described what 
he considered the essentials of a successful tractor engine 
as gathered from actual experience. 


E. R. Greer outlined the general types of tractor trans- 
missions now in use, dealing with such fundamentals as 
the design of the traction devices, the general method of 


final drive and others affecting the transmission arrange- 
ment. 


The paper presented by George Cormack explained the 
farmers’ requirements of tractor service. Mr. Cormack 
emphasized particularly the necessity for a practical, sane 
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design as one of the best methods of solving the tractor 
service problem. 

The War Dinner, which was held at the Morrison Hotel, 
was attended by nearly 1200 members and guests. A 
feature of the dinner was an elaborate musical program, 
in which the Apollo Musical Club, the Theodore Thomas 
Orchestra and other artists took part. 

The immense amount of detail connected with the ar- 
rangements for the dinner was in general charge of David 
Beecroft, chairman of the Meetings Committee of the 
Society. He was ably assisted by the Mid-West Section 
of the Society, of which Charles S. Whitney is chairman, 
Darwin S. Hatch, secretary; George L. Lavery, treasurer, 
and by the following members of the Mid-West Section: 
Burley B. Ayres, in charge of the War Dinner program; 
F. E. Place, reception; F. W. Parker, Jr., marshal; C. J. 
P. Lucas, decorations; W. A. Roth, installation, and by 
Porter E. Stone, badges. 


ADDRESSES AT CHICAGO War DINNER 


The members and guests in attendance at the War 
Dinner were called to order by Councilor H. L. 
Horning, who introduced General Lyman W. V. Ken- 
non, commanding officer at Camp Grant, Ill. General 
Kennon enumerated the factors of importance in carry- 
ing on the war, and said that while materials, munitions 
and food were all important, the most essential factor 
was the man-power. Councilor Horning discussed the 
work being done by the Society members, showing that 
automotive engineering activities embraced practically all 
the power devices required in war work. He then read 
a letter from President Wilson thanking the members of 
the Society for their previous efforts and expressing 
regret he could not be present. Mr. Horning also read 
a reply to President Wilson’s message, which the meeting 
unanimously voted should be telegraphed at once. Past- 
president W. H. Vandervoort was then presented as the 
toastmaster of the evening. He outlined some of the 
problems now being encountered by the Navy and War 
Departments, showed the importance of the work the 
Society is doing in the solution of these problems, and 
finally introduced President Kettering as the next speaker. 

Mr. Kettering dealt with a number of matters of. in- 
terest to the members of the Society. The fuel problem, 
he said, required immediate steps for solution in order 
that the automotive industry might continue its onward 
progress. Mention was also made of the importance of 
the tractor to the Nation in solving the fuel problem, of 
the necessity of applying suitable limits to the engineer- 
ing work now being done for the Government, and touch- 
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ing on the satisfactory progress of the aeronautic pro- 
gram in this country. 

Toastmaster Vandervoort then read a message from 
General P. Tozzi, head of the Italian Military Commis- 
sion in this country, expressing regrets that he could 
not be present, and stating that a gathering such as the 
War Dinner, at which the representatives of all the Allies 
were present, was an 
immense aid in 
strengthening interna- 
tional fellowship. 

Major William G. 
Wall, a past vice-presi- 
dent of the Society, and 
now in the Motor Sec- 
tion of the Ordnance 
Department, U. S. A., 
next described the work 
the Ordnance Depart- 
ment has been doing in 
securing the necessary 
guns and munitions for 
the use of our army 
abroad. He also touched 
upon the work being 
done in building motor 
trucks, tractors and 
tanks for the use of the 
Ordnance Department. 

Major L. C. Eckenfel- 
der, representing An- 
dré Tardieu, French 
High Commissioner in 
this country, told the 
assemblage something 


My dear Mr. Horning: 


of the experiences he ur. E. L. Horning, 
° S37 Munsey Building, 
had encountered during Washington, D. Cc. 


two years spent in the 
trenches, and of the 
work being done by the 
French in supplying 
guns to the other mem- 
bers of the forces of 
Allies in this conflict. 

As a conclusion to the affair, Toastmaster Vandervoort 
rendered tribute to the work England has done in the 
war, particularly with her fleet and brave army now in 
France and her enormously increased manufacturing 
facilities. 


ADDRESS OF COUNCILOR HORNING 


T is a great joy to see gathered here from all the four 

winds of the earth our allies and our friends and all 
those who are trying to do everything possible in their 
power to win this war. I have just read the last para- 
graph of one of President Wilson’s speeches: “To such 
a task we can dedicate our lives and our fortunes; every- 
thing we are and everything that we have, with the pride 
of those who know that the day has come when America 
is privileged to spend her blood and her might for the 
principles that gave her birth and happiness and these 
place which she has treasured. God blessing her, she can 
do no other.” 

When I read that I realized why such a force of men 
standing for the things that will win the war has come 
together, and I welcome here in behalf of the Society 
and the Mid West Section all these men, allies, sailors 
from the Great Lakes training station, and soldiers of 
the great new American army from Camp Grant who 





Please convey to the gentlemen of 
the Automotive Engineering Society who are to 


meet on the first of February my warmest greet- 





ings and en expression of my personal confidence 
that they will give their best thought and 
energies to the great task to which the nation 
has now set ite hand. 
me to see the spirit with which they approach 


the problems which are set for their solution, 


press my appreciation and my confidence. 


Sincerely yours, 
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have stood guard over us all while we have been eating. 

I wonder if it is realized that all the great forces 
which we are about to bring to bear to win the war 
are represented here. In the automotive forces repre- 
sented at this meeting are men who have been respon- 
sible for the finest aeronautic engine in the world, and 
for the finest truck, for which England, France and Italy 
are waiting. They are 
responsible for the en- 
gines that drive the 
submarine chasers. 
Members of this So- 
ciety are responsible 
for the great merchant 
fleet which is about to 
come out and win for 
us the war by carrying 
overseas the food that 
is so necessary. Mem- 
bers of this Society, 
through the tractor en- 
gineers, will supply the 
thing that is so lacking 
now, and for which our 
Allies are crying—food. 
Members of this So- 
ciety will furnish mo- 
torcycles and the other 
automotive apparatus, 


28 Jasuuary, 1918 


It is very delightful to 


end 1 wish I might be personally present to ex- and members of this 


Society, through the or- 
ganizations and _ the 
plants that they repre- 
sent, are constructing 
engines of war that we 
cannot mention in this 
meeting. 

Day in and day out, 
in Washington, things 
are going on_ that 
should make us proud 
to be Americans, and of 
the preparations that 
are being made. It is 
a shame that at this time a cry should come against 
the fifteen years’ progress that has been made in nearly 
nine months. With all these things so it is particularly 
gratifying that in the White House should reside a 
man who is the clearest thinker in all the world today. 
I have the honor of reading now a letter from our great 
President, Woodrow Wilson, addressed to the Society of 
Automotive Engineers. 

When this letter was received, the Council of the So- 
ciety voted that a telegram should be sent, representing 
the feelings and sentiments of this meeting. This tele- 
gram follows: 

“HON. JOSEPH E. TUMULTY: 

“The Society of Automotive Engineers, meeting in 
Chicago, February 1, 1918, ask that you present our 
loyal salutations to the President and inform him that 
it is our earnest prayer that his health may be preserved 
and that he may be given the strength to carry on the 
great burden entrusted to him, that peace and good will 
may again bless all mankind, and we pledge the skill and 
all our resources at our command so that that end may 
be met.” 

I now have the pleasure of presenting the toastmaster 
of the evening. He is a past-president of the Society, 
is doing wonderful work in the war—one of those men 
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that are silently doing things we very seldom hear of in 
the papers, but he is putting over the punch that is going: 
to carry us “over there.” 


ADDRESS OF GENERAL KENNON 


N the army we are limited in expressing some of our 

views. We are prohibited from talking and from writ- 
ing on certain subjects, and this applies all: the way 
down from the generals to the privates. 

What I want to mention especially are the different 
methods by which we are going to win the war. Many 
people think we will win the war by talk. It isn’t as 
simple as that, but the talk does create a sentiment, 
which, if properly presented to the people, will bring in 
the spirit and the will to victory. Talk, therefore, has 
its place. 

Frederick the Great is credited with a remark that 
an army, like a snake, moves on its belly, and it is true 
as to that today. An army cannot get away from its 
line of communications. That means the cracker line, 
the line that feeds the army. That line involves trans- 
portation, in which the members of the Society are inter- 
ested. Some people say food will win the war, but it 
is not as simple as that. 

Then we have said munitions will win the war. They 
are necessary, but they will not win the war. Some have 
said that this is a war of materials. We, of course, must 
have materials of all kinds in a great abundance, but 
they will not win the war. 

Back of all these we must have men. Before the Rus- 
sian débacle 36,000,000 men were opposing one another. 
These men were engaged in winning the war with all 
these different appliances. They have not won it yet, 
but they will win it. It means that we must have, to 
win the war, not only men, but trained men. We have 
thought of almost everything in this country, but the 
trained man has been almost neglected. 

Professor Sumner, in his book on “What Social Classes: 
Owe to Each Other,” defined organized charity. He said 
that A and B got together and decided what C should do 
for D, and he called C the forgotten man. It is almost 
that way with our soldiers. We must have soldiers, and 
back of the soldiers we must have the people. 

Soldiers are likened unto the sharp edge of an axe, for 
example, a cutting tool that is useless without the weight 
back of it. This cutting edge is the trained troops, and 
the people back of them, supplying all of these necessary 
things, are the weight and body that drives the axe 
through. That is what we hope and expect from the 
people. ; 

We must train our young men in order to meet the 
necessities of the nation in time of war. That is the 
ideal of our Constitution—the trained militia, not the 
regular army or regular selected body set apart—but 
that every one shall be trained. This trained militia em- 
braced every able-bodied man in the country, so that 
the doctrine of universal suffrage (which some of us are 
preaching and which I thoroughly believe in) is simply 
a reversion to the old Constitutional doctrine. 


ADDRESS OF MR. VANDERVOORT 


HAVE often said that I am proud of the fact that I 
am an engineer. I am proud to be able to associate 
with men of the caliber of those attending-this great 
function. As I look over the past ten or twelve years to 
the early days of this Society, and think of the way in 
which it started, when a few loyal patriots came together 


and contributed several hundreds of dollars apiece in order 
to get the organization on its feet, then I am truly amazed 
at the wonderful growth that it has had during these 
years. How wise that this Society should have been 
formed in the years gone by in order that we may have 
developed to that point that we can now become a real 
living factor in the producing of that work which our 
government and our allies so sorely need at the present 
time! 

When I think of such men as Howard Coffin, of Major 
Wall, of Christian Girl, of Howard Marmon and other 
engineers that stand high in our list, of the work that 
they have done and the work they are still doing, I feel 
that we are to be congratulated on having a force at 
Washington and a force at home in our factories and in 
our engineering plants to carry on this great work. 

We are at war! We entered this war in an unprepared 
condition. To my mind the greatest political error that 
could have been committed was that error of not permit- 
ting this country to prepare during those three years 
before we became involved ourselves. 

It is all very well for the members of Congress today 
to criticise those men that are working at Washington, 
but they should reflect a moment; they should ask them- 
selves the question, ““Why are we today asking the engi- 
neers, the manufacturers, the people of this country to 
do in a short space of nine or ten months the work that 
they should have been given at least three years to do?” 
It will cost our nation billions of dollars and thousands 
upon thousands of men to make up for that great—may 
I say it?—the greatest of all criminal errors that could 
possibly have been made. 

This is no time for criticism. This is a time when we 
must hold up the President of the United States with 
our most loyal support. I have no patience with the 
man that is criticising the Secretary of War or the Sec- 
retary of the Navy today. The world hardly knows what 
those men have done. The very character of the work 
that they are doing makes it necessary for them to main- 
tain secrecy; it is a military necessity, but I have dis- 
cussed these things with both the Secretary of the Navy 
and the Secretary of War, and I thank God that I never 
found it in my heart to criticize either of them. They 
are doing a great work, and I feel that we must give 
them our undivided support. 

We must remember that the Navy had an organiza- 
tion and was a going institution. We had our battle- 
ships, our submarines, our chasers, our torpedo boats and 
our destroyers. It was an easier problem for the Navy 
Department, and as a result it is not receiving the amount 
of criticism that the War Department is, simply because 
the Navy could go ahead like a great going business in- 
stitution and get what it required. The War Depart- 
ment, on the other hand, had an entirely different prob- 
lem. When we stop to consider what it has done during 
these nine or ten months we will agree that it has been 
a marvelous work. 

There is a great duty that falls upon every man who 
is privileged to remain at home, every man who can 
enioy his family, enjoy his home, enjoy the comforts of 
living in this wonderful country of ours. Are we doing 
all that we can to help those boys on the other side? Are 
the men that are working with us doing all that they 
ean do? Is it eight hours a day with us? Or is it ten, 
or is it twelve? What is it with the men on the other 
side? It is twenty-four hours, it is Sundays, it is holi- 
davs. There are no Garfield orders on the other side! 
When any man says to us that eight hours should consti- 
tute a day of labor and then suggests that it should 
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be seven hours in a time like this, I claim that it is all 

wrong. The hours of labor are all the hours that we can 

physically endure. 

We are fighting the most highly organized nation in 
the world—Germany. When the call went out for arms 
in that country they were ready to move forward almost 
within an hour. Had it not been for the automobiles 
and the automobile trucks we do not know what the 
answer would have been. It was the work of the engi- 
neers and of that great man, General Joffre, that saved 
Paris. 

I was much impressed at the time we were raising the 
second Liberty Loan by the statement put out by the 
Union League Club of Chicago, the appeal for the Amer- 
ican soldier going to the front. 

“They say, who have come back from over there, that 
the troubled earth at night is between the lines carpeted 
with pain. They say that death rides whistling on every 
wind and the very mists are charged with awful tor- 
ments. They say that of all things spent and squandered 
over there, young human life is held least dear. This is 
not a pleasing prospect for those of us who still can feel 
upon our lips the pressure of a mother’s good-by kiss. 
But, please God, our love of life is not so great as love 
of right. 

“In this, the renaissance of our country’s valor, we 
who wage the wage of her assaults make calm acceptance 
of the hazard. For us the steel-swept trench, the cold, 
wearisome watch. For you, you for whom we go, you 
millions safe at home, what for you? We must have 
food, we must have care, we must have clothing for our 
bodies and weapons for our hands. We must have, with- 
out failure, supplies and equipment in a stream that is 
constant and never ending. From you our resource and 
our reliance, from you the heart and hope of that human- 
ity for which we smite and strive, must come these 
things.” 

ADDRESS OF PRESIDENT KETTERING 
E are gathered together here to consider some of 
the great problems that lay before us as a Society. 

A particular part of the work that we have to do has been 

discussed today in a session on tractors. 

I wonder if any of us has ever stopped to analyze what 
is the basis of the Society of Automotive Engineers. We 
read of the historic inventions, of the steam engine, of 
the steamboat, and of other transportation devices. We 
recognize what a tremendous importance they have had 
in our world’s history. The Society of Automotive Engi- 
neers is the result of something fundamental—the in- 
ternal-combustion engine. When I say internal-combus- 
tion engine I am not unmindful of the wonderful devel- 
opment that is being made also in the steam automobile 
and tractor, and I am in no wise excluding those motive 
devices from consideration. 

There has never been given to man before such a 
device as this, because it is the first time in the history 
of mankind that he has had a small mobile, inanimate 
power device; that small inanimate power device has 
made it possible for mankind to do, as he has never done 
before, the work of sustaining the human race. 

We talk of those things that have had to do with the 
molding of civilization. We talk of the pen and the 
sword. But the great factor that has caused the won- 
derful development of all of our civilizing devices has 
been the use of inanimate power. The city has developed 
because of its wonderful system of electric distribution. 
Back of this is a great power unit somewhere in the city, 
and if that power unit stops the lights go out and the 
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motors stop, but with the internal-combustion engine we 
carry with us the powerhouse, we move it wherever we 
please, and we do all of the work. 


The Fuel Problem 


The internal-combustion engine is to us the most 
wonderful thing that has ever been given to mankind, 
and I emphasize that fact because many problems back 
of that engine must be considered most seriously by this 
Society. Up to the present time but few of us have asked 
ourselves. what makes the engine run. We drive up to 
the gasoline filling station and our gasoline tank is filled. 
How many of us have ever thought where the gasoline 
came from? The fuel problem is one of the biggest we 
have today. 

How many of us recognize that there is never a thing 
moved on this earth that is not moved by solar energy? 
iverything that moves today in power devices is a result 
of the sun’s energy years and years ago. It has been 
stored up in our coal banks; it has been stored up in our 
oil supply and in our gas supply. We have written lav- 
ishly in the check books that have been drawn on those 
reserve supplies. For the first time in our history we 
begin to question whether we have not overdrawn our 
account. What are we doing today to replenish our fuel 
supplies? Today questions are asked whether the auto- 
motive industries can go ahead or whether we will not 
have to curtail on account of fuel. 

Our automotive industries have been wonderfully pros- 
perous. We have built enormous factories. This problem 
of fuel has been discussed by them, but no one has given 
it serious consideration. But if this automotive industry 
had spent $500,000 or a million dollars a year on the 
research subject of fuels, today we would not have a 
fuel problem. Until we awake to the fact that some day 
our bank account will be exhausted, that we will have 
to live from year to year on a fuel basis, and that we 
must run our tractors and our automobiles and our air- 
planes this winter and next summer on last summer’s 
sunshine, will we ever have a complete comprehension of 
the problem before us? 

The Tractor Industry 


The tractor subject is the one important thing before 
us at this meeting. We are trying to facilitate the agri- 
cultural activities of this country. We have had an iron 
age and a copper age and other kinds of ages, but in the 
next 75 or 100 years we will have the agricultural age 
in this country. It is, therefore, of the utmost importance 
that we study the tractor subject in every detail. It 
should not be a question in the mind of any manufac- 
turer how many and how poor a tractor he can get out 
and make some money. It should be an important prob- 
lem as to how constructively we are building an industry 
that will extend indefinitely into the future. 

The tractor industry of all industries should not be a 
get-rich-quick industry. It should look well to the future. 
We have today about 25 million horsepower of animal 
power in this country. To sustain that 25 million horse- 
power we cultivate 125 million acres of land, and all of 
that is the fuel from which we get the horsepower from 
animal power. That says nothing of the tremendous 
number of attendants necessary to sustain this. It says 
nothing of the enormous overhead. 

Do we ever think what an absolutely inadequate, in- 
efficient device the horse is from a power standpoint? 
The number of horsepower-hours that we get from the 
horse is small. We use him in the summer time, but have 
to keep him warm all winter. Suppose a tractor had to 
be kept warm all winter. What should we say of the de- 


2 __— 5 — 


Vol. I 


ADDRESSES AT THE CHICAGO WAR DINNER 119 


signer? The whole ability of mankind to do work with 
that kind of power is dependent upon the nerve energy, 
so to speak, of the horse. I am positive that we could 
raise enough fuel on 125 million acres of ground to give 
three or four times the amount of energy if we could so 
utilize it. 

The Alcohol Situation 


The alcohol situation is perhaps the easiest one to con- 
sider from a matter of raising fuel. But our wise and 
non-thinking American people, through the acts of Con- 
gress, have placed upon that prospective industry a tax of 
$1 a gallon because some poor, degenerate individual 
might drink the stuff and kill himself. I cannot predict 
that alcohol is an ultimate fuel, but until we get industrial 
organizations studying the possibility, until we give them 
a motive to study it, we will never find the ultimate one. 


IDEALISM VERSUS COMMERCIALISM 


This automotive industry is a tremendous thing. It 
is our automobile industry, our motor-truck industry, 
our motorboat industry, our motorcycle industry, our 
aeronautic industry. It has developed manufacturing 
facilities for producing these devices in a high-grade 
economic way. Outside of our natural resources we have 
but one great American asset, and that is our American 
methods of manufacturing. In no other country in the 
world is the art of producing high-grade interchange- 
able apparatus with unskilled work a realized fact, and 
yet we find when we attempt to turn these tremendous 
industries to the uses of our government that we are 
handicapped on every side by limits that absolutely tie 
the hands of our only asset. I am not saying that that 
is done intentionally at all. It is done through a lack of 
appreciation of what is necessary. The designing engi- 
neers of all the government departments have designed 
too much from the standpoint of idealism and have for- 
gotten the commercialism and the absolute things that 
are necessary to get production. 

I have seen cases where bayonets were rejected because 
the blade was 2/1000 of an inch too narrow. What would 
be the difference if it was stuck through one what the 
width was? I have seen cases when steel truck wheels 
were rejected because the hole was 0.0005 in. too large in 
diameter. Of what use would a truck wheel be if it had 
to be made that close? We are working too much on 
idealistic lines, and if this Society could send one message 
back to Washington that would be more effective than 
any other one it would be, Study the practical conditions 
and let us do those things that we know how to do so 
well. 

It makes no difference in the long run whether the 
truck wheel is 0.0005 in. beyond or under the technical 
limits if it is sufficiently accurate and sufficiently good 
to fulfill its functions as a truck wheel. It makes no 
difference whether the bayonet is a thousandth of an 
inch too wide or too narrow if it succeeds in doing the 
work it is intended to do. The limits that should go on 
any piece of apparatus are the limits within which it 
makes a good piece of apparatus and not what some 
high-minded technician thinks they ought to be. 

I am not saying this in any wise as a matter of pica- 
yunish criticism because that is the farthest from my 
mind. I have not yet found at Washington a single 
official who, if these facts were laid before him in a 
Simple, comprehensive way, was not glad to acquiesce 
and do what could be done, but we have a condition exist- 
ing in the enormous increase of the departments in 
Washington that almost tires us out when we try to carry 
these things back to the fundamental source. We should 
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be mindful that any criticism we make should not have in 
it one iota of fault finding, but should stand as a funda- 
mental constructive criticism. 


The Liberty Engine 


We have heard criticisms of the Liberty aviation en- 
gine and of the Liberty motor truck. A man said to me 
the other day, “‘Isn’t it a fact that 50 engineers are trying 
to decrease the weight of that engine? Isn’t it the 
heaviest aviation engine that’s ever been built in this 
country?” Perhaps it is the heaviest engine that has 
ever been built in this country, but it ought to be because 
it is about four times as powerful as any other engine 
that has ever been built in this country. 

The fundamental fact is that it is the lightest engine 
in existence today of any considerable horsepower when 
the factor of pounds per horsepower is considered. No 
other engine in the world today weighing only 875 lb. 
will deliver 400 horsepower. 

We have heard criticisms of why we have not got those 
20,000 airplanes across the sea. Until a year ago 150 
or 200 airplanes a year were all we required in this 
country. We could specify the finest spruce in the world, 
and we could get all we needed for building that number 
of planes, but when we jump into a tremendous produc- 
tion we must modify specifications and constructions. It 
has taken time, but airplanes are coming, and they are 
coming fast. We are sending abroad today—and I am 
not saying this from my own point of view—airplanes 
better than any that have ever flown. 

A representative of the British government, whose 
plans we are duplicating today, said: “I didn’t believe 
it was possible to build airplanes on the interchangeable 
basis. I didn’t believe it was possible for any country 
to build airplanes beautifully finished and soundly con- 
structed without a long schooling of men.” We cannot 
do that in this country. We do it by assembling together 
groups of specialists and each one does his little trick. 
People think airplanes cannot be manufactured by inter- 
changeable methods because it has never been done, not 


_ because we have not the ability to do it, but because our 


government never gave any one an order for over 50 of 
any one kind of airplane. 


A Lesson From GERMANY 


We prepared Germany partly for this war in this 
way: Germany had her military organization. She had 
her factories for manufacturing arms, and when she got 
all the arms she needed she started in making ball bear- 
ings for the American automotive industry, and we kept 
her people employed. When they wanted to go to war 
they quit making ball bearings for us and went to making 
guns. We could have done the same thing if we could 
have gone to Congress two or three years ago and said, 
“Why don’t you let the manufacturers build tools to make 
machine guns and do those things necessary to produce 
munitions of war and have them ready? We want to 
spend a couple of billions of dollars.” 

I rode on the train soon after the war had started with 
a paint salesman who sold water colors for schools. He 
said: “I don’t know what we are going to do. We can’t 
get any more paint brushes.” I said: “What is the 
trouble?” 

“Those have all come from Germany and we can’t 
get any more of them. We can’t get those little camel’s 
hair brushes.” 

“Who said they were camel’s hair brushes?” 

“That’s what we buy them for. We don’t know where 
to get that kind of hair.” 














“Well, now, I will tell you what I’d do if I were you. 
I’d send a man up to Chicago around the stockyards and 
see if they can’t tell you something about that.” So they 
sent an expert to the stockyards and he said: “Have you 
fellows ever shipped any considerable quantity of hair 
abroad?” 

“Yes, we have always shipped all the hair that came 
out of the inside of a cow’s ear to Germany to make paint 
brushes out of.” (Laughter.) 

But we have always felt proud of an imported brush. 
Always! Whenever we get to feeling proud of a thing 
that is made in America‘and quit this idea of importing 
things then we will-commence some real fundamental 
preparation for war. 

They say we cannot make fine aircraft engines here 
because we have not the material, and yet the facts are 
that we are shipping and have been shipping to the Allies 
on the other side practically all of their crankshafts. 
What we need to do is to analyze our industries, to find 
out what they can do and whenever this war is over let 
us tell the government what we want to make of the 
same munitions we have been making and lay those tools 
away in some place and keep them. 

We should educate our industries how to do this special 
thing and that special thing, and if this war does nothing 
else for us, it will make us appreciate what the rela- 
tionship of industry to war really is and what it is neces- 
sary to do in order to have that industry instantly avail- 
able. If we can get some of those ideas established we 
can get a great deal of good from the war, and certainly 
no sacrifice as great as the one we are making now should 
be made without good comes from it. 

The way is cementing together industries that before 
were more or less jealously competitive. This organiza- 
tion is one of the greatest organizations I have ever 
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known of any industry for the reason that the automo- 
tive industry is freer from jealousies, is more coopera- 
tive than any other industrial organization on earth. I 
belong to four or five national societies and certainly the 
attitude in this organization is pleasingly different. 


TELEGRAM FROM GENERAL TOZZI 


“7 T gave me great pleasure to accept, some time ago, 

the invitation to be present and to speak at the War 
dinner of the Society of Automotive Engineers. I was 
deterred by an unexpected pressure of business which, 
closing down at both ends upon the period of time I had 
reserved for the journey, increased immensely the diffi- 
culties of the undertaking. I find it, therefore, utterly 
impossible to be present. I cannot adequately express 
my regret for it is from just such gatherings as this that 
international fellowship derives its strength. The sig- 
nificance of a meeting in which so many representatives 
of various parts of your vast country participate would 
surely have been emphasized by the presence of a repre- 
sentative, however unworthy, of your ally, Italy. I hope 
at least that the short address which I hastened to send 
will convey a message of inter-allied brotherhood. The 
technical leaders of America, by coming to Chicago from 
East and West give evidence that the twain have met. 
May they be made to realize that even higher barriers 
have fallen and that the hearts of their Italian allies beat 
as one with their own at this tragic moment when all 
lovers of freedom stand together against the upholders 
of tyranny.” 


(Unfortunately, the address referred to above was de- 
layed in the mails, and could not, therefore, be read at 
the dinner. It has since been received, and appears be- 
low. ) 


ADDRESS OF GENERAL TOZZI] 


INCE my acceptance of the invitation with which 
S the Society of Automotive Engineers has honored 
me, my mind has been dwelling with intentness upon 
the subject of the endless changes, scientific as well as 
moral, which have been brought upon us by this war. 

Nothing could seem more absurd than to look for bene- 
fits to the race in a war—as absurd, indeed, as the pro- 
portions of this .war are gigantic. Let this premise 
save me, an old soldier, from being suspected of the 
wish to idealize what amounts substantially to a ca- 
lamity to the human race. Nevertheless, this huge dis- 
aster has advantages which, though microscopic as com- 
pared to its tragedy, are still perceptible, and which it 
would be an error not to use and profit by. Let us set 
aside all social questions, such as the sympathetic ap- 
proach to one another of the different civilizations of our 
allied lands, and their mutual growth in interest and 
respect. Considering, as befits the nature of this 
gathering, only the technical and scientific side of the 
question, we cannot fail to admire the cementing of tech- 
nical industrial activities; their collective development, 
and their adaptation to new phases of work, and utiliza- 
tion of new economic fields. It is marvelous to observe 
the recruiting of industries in the European countries 
at war under the more or less direct supervision of their 
various governments. France, with grandeur equal to 
her proverbial élan; England, with her sturdy and in- 
domitable precision; Ituly, with an unprecedented ef- 
ficiency—these all exhibit a wonderful example of in- 


dustrial union, of collective transformation, of harmony 
of purpose. Of this harmony, great America has in re- 
cent times given amazing proofs, in the coordination 
of her vast resources, mineral and industrial, whose 
exponents, from one end to the other of this great ter- 
ritory,. respond with fraternal enthusiasm to Columbia’s 
call. 

From this union of internal activities in the several 
nations, we turn to industrial harmony between them; 
a harmony of which this vast land, inexhaustible in 
her resources, forms the pivot on which the entire sys- 
tem revolves. There has come, therefore, a’ widening 
of technical knowledge, an unexampled scientific de- 
velopment, a steady, surging progress, whose course is 
today directed toward the instruments of war, and to- 
morrow will be carried into the domestic field, and 
adapted to every need in the lives of mankind. It is 
obvious that both the speedy development of all things 
produced by human inventiveness, and the great har- 
monizing of methods inter-industrial and international, 
which are among the undeniable results of the violence 
of war, could not have been reached after a century of 
slow evolution in time of peace. 

Passing from a general view to the specialized field of 
which this imposing and learned gathering in Chicago 
is an evidence, it behooves me to record the progress of 
mechanical, as contrasted with animal, traction in modern 
war; the great importance, the immense development 
of all forms of the motor car, whether used as a means 








A 








CHICAGO WAR DINNER OF THE SOCIETY OF AUTOMOTIVE ENGINEERS, HELD AT THE MoRRISON HOTEL, FEBHE 
IN DIFFERENT PARTS OF THE BALCONY. MEMBERS AND GUE 





JARGE PIPE ORGAN AND FouUR GRAND PIANOS SHOWN 


Pd 
. e 


HESTRA 


ORC 








eS 
/ 
Z 
< 
a 
Z 
E 
< 
Z 
io 
os 
es) 
= 
-— 
a 
es 
x 
=) 
Z 
=) 
oo) 
~ 
- 
) 
i 
= 
eS 
= 
<3) 
> 
i) 
fs 
° 
mo 
b2 
a0 
= 
=) 


PATRIOTIC MUSIC SUPPLIED BY AN 





Vol. I 








ADDRESSES AT THE CHICAGO WAR DINNER 


February; 1918 


No. 2 





121 





of rapid transportation of troops, for the purpose of 
carrying guns, or as a speedy weapon of combat. As 
long as 5 years ago, in the Libyan war, in which it 
was my privilege to take part, Italy saw the prodigies 
of the automobile service, when the great machines, 
plowing through the burning sands, carried speedily to 
their posts soldiers and supplies. At the outbreak of 
this war, it became my duty to experiment in the trac- 
tion of large-caliber guns forming complete batteries, 
which were rapidly transferred from one point to an- 
other along the great arteries leading to the front. 
These batteries could bring to bear their powers of de- 
struction on points attacked or threatened by the enemy, 
substituting for the scarcity of artillery units the rapid 
grouping of those already existing. 


Armored Automobiles 


I must also mention here, since it dates from the be- © 


ginning of the present war, the entrance into action of 
armored automobiles, functioning as anti-aerial batter- 
ies. With these also it was my good fortune to experi- 
ment on the Roman fields, against enemy airplanes. 


It is not necessary to dwell upon the terrifying new 
war weapon known as the tank. In common with the 
before-mentioned war weapons, it belongs in the great, 
new and unique realm of many sided scientific appli- 
ances which, in the days after the war, will accomplish 
a now inconceivable progress in the science of ‘peace. 
In Italy, the great name of Fiat—in America the great 
name of Ford—will win new laurels when men beat their 
swords into plowshares. 


Long before the present war, Italy, who had already 
reached uphoped-for results in the automobile industry, 
comprehended, in common with her sister nations, the 
enormous importance of aviation in modern wars, and 
she has continued to improve her already up-to-date 
types as this war has progressed. On the one hand she 
has developed and improved the reconnoitering machines 
which are the eyes of the army; on the other she has 
strained every nerve to perfect the bombing machines, 
and especially those for night bombing. It may be hoped 
that in the future, with the powerful aid of the great 
aerial fleet of America, these machines will be a most 
powerful element in the solution of battles. 

Italy, France, England and America, united by the 
sacred bonds of civilization, and human happiness, will 
emphasize more and more the importance of these pow- 
erful aerial weapons, and their ability to strike the 
enemy rearguards, the railroad centers, the warehouses, 
the munitions works, and never old men, women, chil- 
dren, and the wounded in hospitals. Indeed the courag- 
eous French and English have already been able to shell 
the great industrial centres of Essen and Munich. A 
telling symptomatic experience was that of the daring 
French aviator who left one morning the French lines 
in Alsace, avenged at noon, by the accurate and terrify- 
ing bombing of Munich, the carnage of Padua (where 
enemy airships had attacked a place of refuge for the 


civilian population, killing over 100 women and chil- 
dren), and landed the same night in Venice, beloved 
among cities—in Venice, where he was soon to receive, 
with ceremonies worthy of the occasion, the Italian 
medal for military valor; in Venice, which he left soon 
after for the crowning glory in the career of a soldier, 
death in the performance of duty. 

At present, Italy with her Caproni machines and her 
Fiat engines has powerful and practical airships. And 
now the necessities of warfare have prompted her to estab- 
lish along the peninsula fixed aerial routes, along which, 
with the regularity of a railroad service, there is carried 
on daily airship transportation from Turin and from Milan 
to our front, a journey of about 300 miles. We have also 
instituted regular air mail service between Rome and 
the Island of Sardinia, and between Naples and Palermo, 
in order to counteract the effect of the diminution of 
steamship service. All these routes are operated with 
wonderful regularity, and give a vivid idea of the pos- 
sible utilization of aerial routes for quick communication 
between nations. These are actual, if at present only 
sporadic, forerunners of the civilization of tomorrow. 


Standardization in Italian Industry 


Passing now from the field of the air machines to that 
of the elements of which they consist, and which are re- 
sponsible for their resistance, it gives me pleasure to 
remark that our Italian industries place great impor- 
tance upon standardized specifications. It is my opin- 
ion that to unify specifications by means of standardi- 
zation, will not only be a sine qua non requirement for 
better production, but it will also be one chapter in the 
story of inter-allied unification of ways and means, with 
regard to purchases and supplies. The union of Amer- 
ica’s productiveness and inventiveness with the proved 
results of the military experience of her Allies, will lead 
us to avoid the fatiguing and uncertain work of at- 
tempts, tests and unnecessary mistakes. We shall thus 
obtain vast results with the speed imposed upon us by 
conditions of the present war. American technology, 
long accustomed to audacious methods, will be increas- 
ingly able to solve a problem which is of vast importance 
to us at present; I mean the adoption of new systems 
of construction allowing economy in the employment of 
materials whose production is scant, and inferior to our 
constant and ever-increasing need. 

Time limitations must not prevent me from referring 
in this connection to the daring and ability demonstrated 
in repairing and putting into service again no less than 
100 steamships damaged by the Germans, by means of 
the unprecedented use of solder actually incorporated 
into enormous and complicated parts of machinery. 

It therefore remains to me only to extend thanks for 
the honor done me in inviting me to address the Society, 
an honor which I accept in the name of Italy, who has 
clasped with fervent joy the hand of America, and who 
is profoundly happy today to see America’s sons standing 
shoulder to shoulder with her own in this gigantic strug- 
gle for civilization and liberty. 











February, 1915 





THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


ADDRESS OF MAJOR WALL 


WISH to talk not as a soldier but as an engineer 

and business man, who for the last nine months has 
been living with some of the problems confronting the 
Ordnance Department. I am not here to defend the 
Ordnance Department. It needs no defense before any 
one who knows the true conditions, and certainly not to 
engineers and manufacturers who can comprehend the 
immensity of the task it has undertaken. 

It is of record that in-spite of the repeated requests 
by the Chief of Ordnance, Major-Gen. Wm. Crozier, for 
larger appropriations, the appropriations by Congress 
for ordnance, and especially field guns, for ten or twelve 
years before war was declared by the United States, 
were wholly inadequate, and, in fact, now seem pitifully 
small. 

No sooner had the proper appropriation been made, a 
couple of months after war was declared, than the Ord- 
nance Department plunged into an engineering and pur- 
chasing program the equal of which has never before 
been known, namely, to furnish the necessary guns, am- 
munition and equipment within 18 months for three mil- 
lion men; all this to be produced without interfering 
with the many factories.in this country making material 
for the Allies. 

The department was faced with some great engineer- 
ing problems, as ordnance is of little value unless it is 
equal to or better than that of the enemy. Also it was 
advisable to make some of our material interchange- 
able with that of the French. The reasons for this are 
most obvious, and among them was knowledge that this 
would prevent a great deal of confusion on the battle 
front. On account of adapting the caliber of the French 
guns to make our ammunition interchangeable with theirs 
—such as the 75-mm., corresponding to the 3-in., and 
the 155-mm. howitzer, corresponding to the 6-in.—there 
was necessarily a slight delay in starting the manufac- 
ture both of the guns and the ammunition, but even with 
that, before the first of August, last year, nearly eight 
million rounds of 75-mm. high explosive and shrapnel 
shells and one and a half million rounds of 155-mm. 
shells, besides a large quantity of larger sizes, like the 
8-in., had been contracted for and were being manufac- 
_tured. The number now in course of manufacture is 
enormous. The greatest problem has been to get the 
guns and howitzers, especially the large ones. It takes 
from nine months to a year to make a large gun, so that 
we cannot go up to a manufacturer’s door and knock and 
say, “I want a cannon,” and have him hand us one. 

The work on these guns is slow, as it necessarily has 
to be extremely accurate. What with the forging, turn- 
ing, boring and rifling, large space and special machine 
tools are required. Some of these machines have had 
to be built since war was declared, but with all that eight 
large plants are now making forgings for these guns, and 
about that many machine shops are doing the machine 
work, besides the United States arsenals, which have 
been considerably enlarged, so that by next August we 
should have more than 3000 new cannon—that is, guns 
and howitzers, some of them of the larger sizes—in addi- 
tion to those purchased abroad. After that the pro- 
duction will be even more rapid, as other plants are being 
equipped to take up this work. Thousands of Enfield 
rifles and large numbers of machine guns have been 
ordered and are now being manufactured and supplied, 
while the arsenals have greatly increased the production 


of Springfield rifles, which rifle is acknowledged to be 
the best made. 

A new proving ground has been established at Aber- 
deen, Md., for proving the new guns. Schools of in- 
struction have been established. In fact, the Carriage 
Division has had a Motor School with branches in three 
different towns, besides the Rock Island Arsenal, for the 
last six months. These schools have officers’ quarters 
and also barracks for the enlisted personnel, and give a 
course ranging from two to three months in the con- 
struction and repair of trucks, guns and tractors. These 
schools have an excellent foundation to work on, as the 
ordnance officers and enlisted personnel are mostly all 
motor men or gun experts. 


ORDNANCE Moror EQUIPMENT 


When war was declared it was decided to motorize 
certain of the gun batteries. Later this decision was 
extended to cover all but one size of gun, and now some 
of this size are motorized. By motorizing a battery is 
meant replacing the horses with tractors or trucks. It 
was found advisable to do this on account of the neces- 
sity of rapid transit and on account of the caliber of 
the guns used for field service having been greatly in- 
creased. They had become too heavy for horses to 
draw. 

This motorization introduced a large number of new 
problems which had to be dealt with, most of which have 
now been satisfactorily solved. On account of the work 
the ordnance truck has to do—towing guns and hauling 
ammunition up to the front lines—sometimes over almost 
impassable terrain, it was found necessary to use a type 
of truck driving on all four wheels; so that two makes 
were adopted, one a 2-ton and the other a 3-ton, which 
were then being produced by their respective factories. 
It was thought to be poor policy on account of the limited 
time available to design a standard four-wheel-drive 
truck, which might have been better, but would have 
taken more time to produce. Both of the two existing 
makes had been tried out on the Mexican Border the 
previous year. 

These two makes of chassis, with the addition of one 
size of lighter truck, are now being produced by ten 
large factories with the assistance of about three hun- 
dred other factories making bodies and parts for them. 
These chassis are equipped with different kinds of 
bodies, most of them with an all-steel ammunition body 
which is of the proper size to carry in their original 
packing boxes ten different sizes of ammunition, ranging 
from one million rounds of rifle cartridges to five rounds 
of our large 9.5 howitzer shells. In this large size the 
powder and shells are separate. About a thousand of 
these chassis are being equipped with machine-shop 
bodies, regular traveling machine shops with lathes, drills, 
presses, grinders, electric drills, and other tools for re- 
pairing guns in the field, besides an engine and generator. 
A large number are furnished with equipment repair 
bodies for repairing harness, clothing, machine guns, 
and small arms, and have sewing machines and other 
tools on them for doing the work. Also some are pro 
vided with power winches. 

Several other types of bodies are also mounted on these 
chassis for such uses as apparatus for fire control, gaso- 
line tanks, telephones, artillery supply, machine guns, 
and reconnaissance. Some trucks have the guns for anti- 
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aircraft work mounted on them so that they can shoot 
at almost any angle and make a quick run to any place 
they are required. 

A number of different trailers have been designed to 
be hauled behind trucks, some carrying anti-aircraft 
guns, others carrying field guns and some large 10-ton 
trailers, which are used to transport the tractors or tanks 
rapidly from one place to another. Some of these are 
also equipped with heavy cranes for mounting guns or 
lifting wrecked vehicles. 

A mobile repair shop consisting of twelve trucks, three 
machine shops, three equipment repair trucks, and six 
trucks for supplies is attached to each division. These 
do their work extremely close to the front. 

For every six divisions constituting an army corps 
there is a corps repair shop with large machine tools on 
trailers, each trailer having one large tool on it like a 
lathe or a drill press and one with a large stationary 
engine and generator; these are semi-permanent but can 
follow the army and will be of great value when our 
army advances rapidly into Germany. 

Large permanent base repair shops have been estab- 
lished in France which cover more than two square miles 
of ground. These are equipped to repair the heaviest 
artillery, besides trucks and tractors. 

A number of other types of motor vehicles have been 
designed, each one for its especial use. 

The factories working on these trucks and trailers 
have been making shipments for the last five months, 
and it is expected that within the next sixty days there 
will be a steady flow of about two thousand vehicles a 
week to our armies in the field. 

Military tractors of the track-laying type have been 
developed for pulling the heavy guns. Nearly nine thou- 
sand. are in course of construction at several different 
factories. These are of different sizes ranging from 
120 hp. to those with only about 30-hp. rating. They have 
been developed to such an extent that there is little they 
will not do in the way of surmounting obstacles, steep 
grades and heavy going. This is due in part to their 
being of the track-laying type, and although they weigh, 
in the larger sizes, nearly eighteen tons, the pressure 
per square inch on the ground is only about that of a 
man’s foot when walking so they do not sink in like a 
truck or other wheeled vehicle> Some of these tractors 
are being armored to protect the engine and machinery. 

I wish it were permissible for me to say something 
about the tanks that have been designed and are being 
constructed. I can say, however, that if the factories 
making them live up to their schedule, we will have more 
tanks by the end of this year than England and France 
have built since the beginning of the war. 


DEPARTMENT REORGANIZATION 


For a couple of years previous to the declaration of 
war by the United States, the Ordnance Department was 
handicapped by a lack of trained ordnance officers, as 
great inducements were offered them to go with different 
munition companies. It is greatly to the credit of a 
number of them that they did not leave the service. It 
was on these men that the task developed of reorganizing 
the department and preparing for war. Hundreds of 
reserve officers and thousands of clerks and draftsmen 
have had to be added to this force, in fact, it has been 
increased about 3000 per cent. Just the work of in- 
structing this new force has been a great task. 

Certain changes in the Ordnance Department have 
been made so as to consolidate into single units similar 


functions which under the former plan operated sepa- 
rately.. 

It was deemed advisable to supplement the military 
knowledge and technical experience of the regular ord- 
nance officers with the business training and executive 
experience of men who had been successful in civil life. 
The plan of the changes contemplated segregating the 
divisions as they had heretofore existed and consolidat- 
ing into single divisions the identical functions of each 
division. Thus the new operating divisions consist of 
four: Procurement, Production, Inspection, and Supply. 

The activities of the four operating divisions are con- 
trolled from the office of the Chief of Ordnance, Acting 
Chief of Ordnance Brig. Gen. Wheeler, by means of three 
bureaus known as 

a. Administration, in charge of Col. W. S. Pierce. 

b. Control, in charge of Col. T. C. Dickson. 

c. Engineering and Design, in charge of Col. John H. 
Rice. 

The heads of each of these bureaus are regular army 
officers for many years assigned to the Ordnance Depart- 
ment, with a wide experience in the line of work of which 
they have control. 

At the head of the Procurement Division has been 
placed Col. Samuel McRoberts, formerly vice-president 
and executive manager of the National City Bank of 
New York, a man of wide business experience. 

At the head of the Production Division has been placed 
Col. Guy E. Trippe, formerly chairman of the board of 
directors of the Westinghouse Company, who was for 
a number of years executive head of the production of 
that company. 

Col. B. W. Dunn now heads the Inspection Division and 
Col. O. C. Horney the Supply Division. 

In the Control Bureau a section headed by Lieut. Col. 
Ralph Crews, formerly of Chicago, has for its function 
the final adjustment of complaints of whatever kind from 
manufacturers dealing with the Ordnance Department. 

With all this going on, contracts for nearly two billion 
dollars’ worth of ordnance and ammunition have been 
let during the last eight months. This gives some idea 
of the problems this department has been up against, and 
of the great work it is doing. We will find that in the 
next few months this accomplishment will be fulfilled 
and it will then be known that the Ordnance Department 
has kept faith with the people. 


ADDRESS OF MAJOR ECKENFELDER 

T is with great emotion that I thank you for the 

enthusiastic ovation tendered during this dinner. The 
reception I find here in America is certainly warming 
to the heart of a French soldier. : 

The gasoline engine is king of the day—on the 
ground, on the highways and byways, in the air, and 
even under the ground. I was reading a few days ago 
in a Chicago paper a statement, which by the way was 
inaccurate, in which it was said that at the beginning of 
the war in 1914 the British army had only 30 airplanes 
to start with, and that the French army had but 13. It 
was not as bad as that, but it was bad enough. At the 
beginning of the war Germany was well equipped with 
airplanes and had a great advantage over us. 

Well, we began to work—but not as you do now here; 
you are starting with a purpose and with an organiza- 
tion. You have the benefit of experiments that we made 
and you are better for the faults that we committed. 
For a while the German attained superiority. After 
working very hard and experimenting very widely, we 








Vol. I 





February, 1918 No. 2 








124 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


came to be about as expert. One month they would be 
superior, another month we would be superior; but the 
German would then turn out a better engine in better ap- 
paratus and would beat us. Two months after we entered 
the field with a better airplane we began beating the 
German and sending him to the ground. 

I have nothing to say that you do not know about the 
Liberty engine which will insure for you superiority. 
Some people have said that airplanes will finish the war. 
I don’t know about that but I do know that we need 
25,000 airplanes at once. 

Reference was made to the way that gas engines helped 
to win the battle of the Marne, when all the taxis of 
the French capital loaded with soldiers rushed to the help 
of their comrades, and won the victory. That was the 
first use of the engine in this capacity. 

Since then I saw the beginning of the battle of Verdun. 
I was getting out of the trenches after what seemed 
like three or four weeks’ fighting. We did not know 
then what was coming, when suddenly the German heavy 
guns began to beat the track of the only road leading to 
Verdun. Well, our hearts were breaking to see that 
chance of defense taken from us, but this move was fore- 
seen. I remember the first night in a little billet in a 
deserted town, all dismantled and broken by the bom- 
bardment. I was pleased at the prospect of a night of 
rest when suddenly I was urgently summoned with my 
company (I was a captain then) to the railroad station, 
and received the order to unload a train of 42 cars which 
we were bringing to Verdun with all kinds of provisions, 
fodder and oats and especially food. That train was 
stuck and could not go farther. 

The order I received was, “Unload that train right 
away and load the motor trucks which are coming.” That 
was the first time I had seen a long procession of those 
big motor trucks, which by the way had been made in 
this country to be sent to Germany. They had been 
bought by Germany and paid for and were taken by the 


British fleet and sent to us, and they brought food to 
Verdun. 





Thousands and thousands of men began to pour down 
that road without stop during three days and three nights 
—going to death fighting for their country—and sing- 
ing! The largest motor trucks were just following each 
other. ,That is what I saw the first time I had occa- 
sion to meet those motor trucks that you have -been 
improving so much here, and which were only the first 
samples of what you will turn out soon. 


After the entrance of the motor trucks into the war 
we had another surprise and the German had a surprise 
then—it was the fighting engine—the tanks—on the 
battlefield, jumping over the trenches, crawling above 
the wire entanglement, bursting bulwarks, blockhouses 
—every obstacle! Those fighting engines lately won the 
battle of Cambrai. 

We found American engines everywhere; and not only 
on the battlefield, but far away from the front at the 
present time many American tractors are now tilling our 
soil, driving plows and harrows and cultivators to help 
us grow wheat for next year. 

I cannot convey an expression of appreciation of the 
technical work you are doing but I know enough to see 
that you are doing it in a splendid way under very good 
management and that it will soon bring us help. You 
know that we did all we could to advance the progress of 
the engine, but we were handicapped. We were handi- 
capped, for instance, by the losses of our coal mines. 
Nine-tenths of our coal mines have been in the hands 
of the Gérmans since the beginning of the war. Never- 
theless think of the effort we made! 

Before the entrance of the United States into the war 
we distributed among our allies, the Russians, the Rou- 
manians, the Serbians and the Italians 1,350,000 rifles, 
15,000 light machine guns, 10,000 heavy machine guns, 
800,000,000 rounds of ammunition! We sent them 1300 
field guns, 1200 heavy guns, 4750 airplanes, and now we 
are pleased to be able to supply you and to insure your 
consumption in guns during the full year of 1918. You 
will have no trouble with that. 
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Fundamentals of ‘Tractor Design 


By GeorGeE T. Strite* (Member of the Society) 


HE fundamental design of a tractor involves first 

the size of the tractor, the number of plows it will 

pull, or the drawbar pull. For many years the 
tendency has been to keep increasing the size just a 
little more. Even in the days of the big tractor, eight 
and ten-plow, I can remember when the influence exerted 
by our customers for just a little more power was hard 
to resist. The temptation was continually before us to 
build something larger, although at that time most of us 
knew that in time the small tractor was going to be the 
thing. 

Since the complete readjustment of the tractor manu- 
facturing business, most companies have started with 
the two and the three-plow outfit and ever since there has 
been a constant demand for just a little more pulling 
capacity. One of the hardest things in the tractor busi- 
ness is to have the nerve to “stand pat” and build one 
size and not keep constantly increasing the size so that 
it will do a little more work. 


Power and Traction 


After the size has been determined, we have two fac- 
tors to deal with—one, the amount of power; the other is 
traction. Here again is a hard question to decide, 
whether to have sufficient power so that the engine will 
not stop and will continually turn the wheels regardless 
of the kind of ground or footing; or, on the other hand, 
shall we install an engine with only sufficient power to 
carry the load and turn the wheels. If an engine develops 
five or ten horsepower more than would be required for 
the ordinary work, then the entire transmission and trac- 
tor must have sufficient strength to take care of the load 
and turn the wheels under extreme conditions. Would we 
think of buying an automobile today with engine, ttrans- 
mission, and bearings of such capacity as to spin the 
wheels of the automobile on high gear and dry ground? 
This would be absurd in an automobile. 

However, from a sales point of view, there is one reason 
why we have done this in the case of the tractor. In 
demonstrating the tractor, at which time it is generally 
loaded to the limit, if we stall the engine, it is most dis- 
creditable to the tractor; if the engine has sufficient 
power to keep on turning the wheels, even to the extent 
of burying the tractor in the ground, this brings out an 
applause for the tractor, and the farmers will say: “Gee, 
but that tractor has got the power!” 

Personally, I think that we have carried this to ex- 
tremes. What the average wheel tractor needs is more 
traction as compared to the amount of power furnished. 
The farmer would then get a more efficient and better 
balanced machine, a machine that could be used in ex- 
tremely bad conditions, on wet, soft, or on sandy ground. 
As soon as the farmer is educated on this point, we will 
begin to build tractors better balanced for total average 
efficiency, and not those that will do certain tricks, regard- 
less of the average work they are expected to do. The 
farmer or manufacturer will then use more horse sense 
and good judgment with an eye to final average efficiency. 
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When we have settled the ratios between power and 
traction the third item to consider in the design of a 
tractor is the bearing surface of the wheels on the 
ground as compared to the power of the tractor. In the 
old days we built tractors which were exceedingly heavy 
and deficient in surface. The future tractor and even 
the tractor of today is being built with less weight because 
of multiple-cylinder engines, high-grade material, and 
greater wheel surface on the ground. The wheel surface 
must also be backed up by the proper shape and style of 
grounders or lugs. 


Weight Distribution 


After the total weight of the tractor is determined, 
then comes the question of distribution of total weight. 
If it is a four-wheel machine with two drivers in the 
rear and two front wheels careful judgment must be used 
as to how much weight should be carried on the drive 
wheels and how much on the front wheels. With the 
best practice today about 70 per cent of the total weight 
seems to be carried on the drive wheels and about 30 per 
cent on the front wheels. This weight must be calculated 
with the tractor standing still, without any drawbar load. 


SIZE OF TRACTOR 


ENGINE POWER TRACTION 


DRAWBAR 


ry SPEED MPH SURF ACE WEIGHT 
‘ WEIGHT LUGS WEIGHT ON| | WEIGHT ON 
DRIVE FRONT 
WHEELS.70| |WHEELS.30 
| PER CENT PER CENT 
2 CYLINDER WEIGHT 
ENGINE 
} 
PISTON DISPLACEMENT DRAWBAR PULL SPEED WEIGHT OF 
MPH TRACTOR 
Factors AFFECTING TRACTOR DESIGN 


When the tractor is working with a reasonably heavy 
drawbar pull, from 85 to 90 per cent of the total weight 
of the tractor, plus a certain percentage of the drawbar 
pull will be carried on the rear wheels. This percentage 
depends upon the height of the drawbar hitch on the 
tractor, the height of the hitch on the plow and on the 
load being pulled. From 10 to 15 per cent of the weight 
is thus carried on the front wheels, which for all prac- 
tical purposes is enough to steer the tractor, except when 
going up a steep grade, when the front wheels are apt 
to rise and make hard steering. 

The power required of the tractor engine depends upon 
first, the drawbar pull, which, however, has no signifi- 
cance unless the speed is considered. It takes prac- 
tically the same power to pull two plows at three miles 
per hour as to pull three plows at two miles per hour. 
This is a point where the farmer has been greatly 
deceived. Some companies have sold their tractors on 
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the basis of drawbar pull in pounds, saying nothing about 
the speed in miles per hour, while other companies have 
made a strong point of the speed. Both, of course, must 
be considered in determining the drawbar horsepower. 
From an engineering standpoint, and I think eventually, 
for the convenience of the farmer, the power should be 
specified in figures of total displacement. In the figures 
in the accompanying table the speed of the different trac- 
tors will not be considered. In group A there is little 
difference in the speed of the three machines. In group 
B in actual practical farm work there is surprisingly little 
difference in the speed, although there is a difference be- 
tween group A and groups B and C, as the speed of the 
small tractors will average from 10 to 15 per cent higher. 


However, for the sake of comparison, we will disregard: 


the speed. 
Out of 95 different models in the tractor specification 


86,206 cu. in. per min. for each plow pulled. Tractor 
A-3 has a piston displacement of 88,312 cu. in. per min. 
for each plow pulled. 

In Col. 9 the average piston displacement of the three 
tractors in group A is 107,256 cu. in. per min. per plow. 

The average piston displacement per minute per plow 
of the four tractors in group B is 91,540, or about 15,000 
cu. in. less than in group A. 

The average piston displacement per minute per plow 
of the three tractors in group C is 85,771, or 21,000 cu. 
in. less than in group A. The two-cylinder tractors in 
group C have less displacement per minute, or less power 
per plow, than have those of group B, the four-cylinder 
machines of the same size. 

In Col. 10, group A, the average piston displacement 
per 100 lb. drawbar pull is 14,581 cu. in. per minute. In 
group B this displacement is 11,247 cu. in., or about 3300 











CHARACTERISTICS OF TEN WELL-KNOWN MAKES OF TRACTORS 
Horse- | Cylinder eve 
power Dimen- Cubic Inches Piston Displacement Piston Pounds Weight 
Draw- | No. of | sions, In. | Travel 
l'ractor & bar No. of | Cylin- Engine, per — piteeais 
Groups $ o Pull, | Plows ders a R.P.M. Minute 
zs Lb. g + | Per in | Per Per 
fa a Per Total Per 100 Lb. Per Ft. Of Per Draw- | 100 Lb 
— 2 Rev. per Plow Drawbar Drawbar | Tractor Plow bar Drawbar 
Minute Pull Hp. } Hp. Pull 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
A-1 38-60 _ 6,000 8 2 10x15 500 2,356 |1,178,000 147,250 19 ,633 31,000 1,250 | 20,100 2,512 529 335 
A-2 30-60 6,000 8 4 6 14x8 650 1,061 689,650 86,206 11,494 22 ,988 866 19,500 2,437 650 325 
A-3 30-60 5,600 8 2 10x12 375 = |:1,884 706,500 88,312 12,616 23 ,550 750 26 ,000 3,250 866 464 
Averages. 5,866 107,256 14,581 25,846 955 21,866 2,733 681 374 
B-1 12-20 | 2,250 3 4 4%x5 800 318 254,400 84,800 11,563 21,200 666 6,500 2,166 542 295 
B-2 18-36 3,300 3 4 4 15x6% 850 429 364,650 91,162 11,050 20 ,258 956 5,900 1,475 327 178 
B-3 12-25 | 2,500 3 4 44x54 900 312 280,800 93,600 11,232 33 ,400 825 5,200 1733 433 208 
B-4 15-30 2,600 3 4 414x5% 900 322 289,800 96,600 11,146 19 ,320 862 3,000 1,000 200 115 
Averages. 2,661 91,540 11,247 23,544 827 5,150 1,593 375 199 
C-1 ; 12-24 | 2,200 3 2 6x7 750 395 296,250 98,750 | 13,465 24 ,687 | 875 5,000 1,666 416 227 
C-2 12-24 2,000 3 2 5 4x7 750 332 249,000 83,000 12,450 | 20,750 875 5,000 1 ,666 416 250 
C-3 12-25 2,500 | 3o0r4 2 6 16x7 570 | 464 264,480 75,565 10,579 22 ,040 665 7,400 2,114 616 296 
Averages. 2,233 85,771 12,164 22,728 802 5,800 1,815 482 257 


books, I have taken 10 of the best known makes, all of 
which have 500 or more tractors actually in the field. 
The first three in group A are of the large type, two 
with 2-cylinder and one with a 4-cylinder engine. Group 
B represents the four-cylinder, three and four-plow trac- 
tors of late models and light weight. In group C we 
have three of the two-cylinder, three and four-plow trac- 
tors of recent but possibly not of the latest design. 

For comparison, I will take up: First, the piston dis- 
placement in cubic inches per minute, for each 14-in. 
plow pulled. 


Second, the piston displacement, for each rated 100-Ib. 
drawbar pull. 


Third, the piston displacement for each rated drawbar 
horsepower. 

Fourth, the weight 
pulled. 


Fifth, the weight of tractor for each 100-lb. drawbar 
pull. 


Sixth, the weight of tractor for each rated drawbar 
horsepower. 

In Col. 9, for example, tractor A-1 has a piston dis- 
placement of 147,250 cu. in. per min. for each 14-in. 
plow pulled. Tractor A-2 has a piston displacement of 


of tractor for each 14-in. plow 
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cu. in. less than the corresponding figure for group A. 
In group C the displacement is 12,164 cu. in., so that the 
displacement is 900 cu. in. more than that in group B, 
and 2400 cu. in. less than that in group A per 100 Ib. 
drawbar pull. 

In Col. 11, group A, the average piston displacement 
for each rated drawbar horsepower is 25,846 cu. in. per 
minute. In group B, the displacement is 23,544 cu. in. 
per minute. The displacement is 22,728 cu. in. in group C, 
so that the four-cylinder machines in group B have 700 
cu. in. more ‘displacement. 

In Col. 13 the weights of the three different groups 
of tractors are compared. The average weight of the 
three large tractors in group A is 21,866 lb.; the average 
weight of the four-cylinder tractors in group B is 5150 
lb.; and the average weight of those in group C, the two- 
cylinder tractors, is 5800 lb. or 650 lb. more per tractor 
than the four-cylinder machine. The average drawbar 
pull of group B tractors is 429 lb. more than that of the 
group C two-cylinder machine. 

In Col. 14 are compared the weights for each 14-in. plow 
pulled. The average weight of the large tractor in group 
A is 2733 lb. for each 14-in. plow pulled. 

The average weight of the group B tractors, the four- 

















cylinder three and four-plow machines, is 1593 lb., or 
nearly 1200 lb. less than was the case with the group A 
tractors. 

The average weight in group C two-cylinder tractors 
is 1815 lb. for each 14-in. plow pulled, or nearly 250 lb. 
more than for the average four-cylinder machine, and 
about 1100 lb. less than for the group A tractors. 

In Col. 15 we come to the comparative weight of the 
tractor for each rated drawbar horsepower. In the large 
tractor the average tractor weight is 681 lb. for each 
rated drawbar horsepower. In group B the four- 
cylinder tractor’s average weight is 374 lb.; and in group 
C the tractor weight for the two-cylinder tractor is 482 
Ib. for each drawbar horsepower, or 108 lb. more than 
for group B and 200 lb. less than for the group A tractors. 

Col. 16 gives the comparative weight for each 100 lb. 
of rated drawbar pull. In group A this is 374 lb.; in 
group B 199 lb., or 75 lb. less than was the case for group 
A; in group C the average is 258 lb. of tractor weight 
for each 100 lb. of drawbar pull, or 58 lb. more than for 
group B and 117 lb. less than for group A. 

In these three groups of tractors the highest rate of 
piston travel is in group A and the highest revolutions 
per minute is in groups B and C. 

Both the four-cylinder ahd two-cylinder late type trac- 
tor show a wonderful development, especially so in regard 
to the weight per plow and per horsepower. The large 
tractor should weigh less for each plow and for 100 lb. 
of drawbar pull than the small tractor because in a one 
or two-plow tractor the initial weight of the tractor itself 
is great, as it is distributed over only one of two plows. 
The more plows we have to take this weight, the less the 
weight for each plow. 

For instance, it takes an initial weight of from 1500 to 
2000 Ib. to pull one 14-in. plow, from 500 to 1000 Ib. 
more to pull two plows, and from 300 to 700 lb. additional 
to pull the third plow. This also affects the power or 
displacement for the machine itself. 

There is some variation in these average figures, which 
I think is caused by the fact that some tractors are over- 
rated in drawbar horsepower and drawbar pull, while 
others are conservatively rated. As a ruke, the four- 
cylinder machine is in a higher state of development than 
the two-cylinder machine. In one case the rated draw- 
bar pull is almost equal to the entire weight. 

There is a question as to how far we can go in reduc- 
ing the weight per 100 lb. of drawbar pull for practical 
everyday use on the average conditions of soil. I believe 
we can eventually build tractors so that they will pull 
more than their weight, providing the speed is not too 
high, and that they are, as it were, geared to the 
ground, when used in certain sections where this is pos- 
sible. I think this is not possible for average conditions. 


The Future of the Tractor 


There is a big field in certain sections and for certain 
uses for the track-laying machine, but the wheel machine 
will be the popular machine and the big seller for average 
agricultural purposes. 

Tractor engineers have been severely criticized in some 
cases for the past and present state of the tractor, with 
its different designs. 

From now on, the tractor industry will advance either 
through the natural evolution of the right tractors suc- 
ceeding and the wrong gradually dying out, or by the 
tractor engineers and manufacturers getting together 
and through standardization avoiding failures that other- 
wise must come sooner or later. 

The tractor manufacturers of today have the greatest 
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opportunity that any manufacturing industry has ever 
had in the history of the world. They have an oppor- 
tunity of carrying standardization farther and more suc- 
cessfully and with the least resistance, if they will get 
together, work together, and through the Society of 
Automotive Engineers, assist in adopting the necessary 
standards. 

It has been said that the automobile manufacturers 
will try to enter the tractor industry. They are going 
to get in, and personally I believe that the sooner they 
get in, the better. They will probably spend fortunes 
to learn just what many of us have learned, but the 
automobile manufacturer has four great advantages over 
the tractor manufacturer. 

First, he has the money, and is looked up to by the 
investor as a successful business man. 

Second, he knows how to get production, and he has 
the organization and equipment for it. 

Third, by past experience with the automobile he knows 
the value of standardization, and will help to standardize 
the parts of tractors. 

Fourth, he has learned to cut out petty ideas, and to 
work for average results. 

The tractor business is an important one. It is going 
to be one of the greatest in volume of business of any one 
business in the world. The tractor means more to the 
general happiness and welfare of mankind than any other 
machine that has ever been brought out in the history 
of the world. It is going to entirely change the farm 
power of all the world, and, further, it will revolutionize 
farming itself; better methods will mean more food for 
the world at far less cost. 

Considering the state of the tractor industry at this 
time, the inability of the companies to produce tractors 
fast enough, and the quality of the tractors turned out, 
I believe that the Government should design and build a 
“Liberty” tractor to be manufactured by it during the 
war and to be.open to any company to make, or to adopt 
any part of, as they see fit, after the war. The corps of 
engineers that design and build this machine should have 
instructions to do no experimenting, but to follow the 
lines of the best in the tractor as it is today. 

This move would do more to bring about standardiza- 
tion and the eventual tractor than any other move that 
could possibly be made. It will result in the greatest 
good to all and especially to the tractor manufacturer. 
The war has already demonstrated the necessity and 
advantages of standardization of other machines, so why 
not of the tractor? 


THE DISCUSSION 


H. L. HORNING:—It seemed to be the concensus of 
opinion of the members of the S. A. E. in Washington 
that, although they had participated in the standardiza- 
tion of two of the notable mechanical achievements of 
the war, namely the Liberty engine and the motor truck, 
they did not feel that the tractor industry was old enough 
to submit to the process of standardization. It appears 
that something like 5 to 7 per cent of the potential 
tractor market has not yet been filled by tractors, and 
if that is true, we have not even 5 to 7 per cent of the 
knowledge that is possible in regard to tractors. 


Time Not Ripe for Standardization 


We are just starting on the era of great things for 
the tractor. It seems to me there never was a body of 
men who realized the value of standardization and its 
proper application as the Society, and I would feel a 
great regret if we attempted to go too far at this time 
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in standardizing the tractor, but I hope that no one will 
take my remarks to mean that we should not go as far 
as possible and as fast as possible in the standardization 
of numerous things going to make up tractors. 
PRESIDENT KETTERING:—Mr. Strite spoke about those 
in the automobile field going into the tractor business. 
There is one thing they have got to learn—that a tractor 
pulling three plows doesn’t coast very much of the time. 
Mr. Ford once said to me, “I didn’t think there was so 
much difference between an automobile engine and .a 


tractor engine.” I don’t believe he has found out all the 
differences yet. : 


Keeping Dust Out of Carbureters 


P. J. DASEY:—Erom my point of view, being in the 
engine business, the first vital thing of importance to 
the internal combustion engine industry and all those 
associated with it is to devise some way of keeping sand 
and fine silicate dust out of carbureters. Otherwise there 
will be no use to standardize anything for tractors. 

The seeond is a positive governor which will control 
speeds and keep them within practical working limits. 
One idea today seems to be to install the gas engine 
regardless of the tractor, overload the tractor to the 
limit, run the speed up beyond what the tractor was orig- 
inally built for, raise the engine speed beyond 
its extreme limit, and then blame the engine manufac- 
turer. The engine should be sufficiently large to do the 
work without running it to the extreme limit. 

By following these two suggestions the gas-engine 
tractor will be put on a much sounder basis. Otherwise 
I think we are going to see the red flag of revolt go up 
and steam becoming the prevailing power. 

R. E. Davis:—There is still a wide gulf between the 
automobile engineer and the tractor engineer. Each can 
learn something from_the other. The automobile engi- 
neer has learned through years of practice since the 
beginning of the automobile industry to inclose the parts 
and as far as possible to lubricate them automatically. 
In other words, do away with the numerous grease cups 
which require attention, and make the tractor so it will 
take care of itself. 

The farmer’s policy of lubrication is “let it squeak for 
oil first.” We ought to provide a means of automat- 
ically taking care of lubrication. The farmer is in a 
rush in the busy season and he will neglect to tighten the 
grease cups. From some of the tractor designs I have 
seen I wouldn’t blame him if he did neglect some of them. 

PRESIDENT KETTERING :—In studying this tractor situa- 
tion it seems to me that we have, in addition to a great 
mechanical problem, one of the greatest psychological 
problems that we have ever had. There is no use start- 
ing out to educate the farmer by getting out a little 
instruction book. We should make the tractor so that 
he will not have to be educated. 


Tractor WreIGcHT AND Fur, Economy 
(Discussion contributed after adjournment) 

ERNEST GOLDBERGER:—The law of averages, as a prin- 
ciple for finding the truth from catalogs of tractors 
on the market, fails completely in any problem of tractor 
engineering as in any branch of human activity that is 
still groping its way in the dark. In the early dawn 
of tractor design, farmers with insufficient engineering 
and manufacturing experience, and automobile engineers 
with only a hasty consideration of the farmers’ needs, 
started building tractors from opposite ends,~hence such 
a variety of sizes, types, and weights of tractors. A trac- 
tor, containing features obtained by averaging those of 
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tractors already on the market, would not present the 
most progressive features, of which there is much need 
at the present time. 

To the question, “How many pounds pull per 100 lb. 
weight should a tractor develop at the drawbar?” almost 
any figure from 10 to 100 would be found to apply to 
the types on the market, and yet, with the exception of 
what the size of a tractor should be, this is the most 
important question for the manufacturer to know. That 
all these tractors have traction to a certain extent cannot 
be denied; therefore, the problem reduces itself to a 
question of economy. By reducing the weight of the 
tractor the fuel economy is necessarily increased, but on 
the other hand the cost of material, that is, the initial © 
cost of the tractor is increased. Which is, then, the most 
economical weight? 

Suppose we consider three types of tractors: The 
heavy-wheel tractor which gets its traction mostly due to 
adhesion (friction), or lugs (not higher than 1% in.); 
the light-weight tractor, which gets its traction from the 
paddlewheel effect of the high spikes or grouters, which 
sink into the ground, hold the wheel for a while, and, in 
revolving, plow a shovelful of ground with every grouter; 
and, finally, the creeper type, which again gets traction 
mostly by adhesion, but sinks less into the ground. 


German Motor-Plowing Contest 


At one of the most scientific motor-plowing contests 
that I know of (Klein-Wanzleben in Germany in 1913), 
at which both European and American tractors of all 
types were well represented, every tractor was hauled 
over the field and the required pull and its weight com- 
pared. The official report (published in Motorwagen 
of July 20, 1914) may be considered reliable, as it was 
published before the war. 

The results were: 

1. Creeper tractor (American, one only) required a 
pull of 11.1 per cent of its weight for propulsion. 

2. Heavy-wheel tractors required from 16.1 to 19.8 
per cent. 


3. Light-weight tractors (all German make) required 
from 17.2 to 21.9 per cent. 

Assuming as correct, averages of 11.1 per cent for 
creepers, 17.7 per cent for adherence wheel tractors, and 
20 per cent for paddlewheel tractors, and assuming fur- 
ther a speed of 2.5 m.p.h., a tractor life of 4500 hours 
of work, a fuel consumption of 0.75 Ib. of gasoline per 
hp-hr., and a cost of $0.20 per gal. of gasoline (pro- 
portionate cost of oil included), we find that, if, by sav- 
ing one pound of tractor weight, we do not increase the 
total cost of the above three types of tractors (due to use 
of higher grade and lighter material) any more than 8, 
12.8 and 14.5 cents respectively, then it is advisable to 
save as much weight as possible from an economical point 
of view. 

The above takes into consideration the relation be- 
tween weight of tractor and fuel consumption, which is 
the main, but not the only, item affected by the weight 
of a tractor. 

The above figures are not of final reliability, but I give 
them in order to illustrate my proposed method of attack 
and to emphasize how important it is to have experi- 
ments conducted along this line and made public property. 


Fewer Papers AND More Discussion 
(Discussion contributed after adjournment) 
L. J. MONAHAN:—The meeting brought out the fact 
that not over one or two papers at the most should be 
permitted for an afternoon, and more complete discus- 
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sion should be encouraged. The trend of the papers be- 
cause of practically no discussion was toward the four- 
wheel, two-rear-drive-wheel type. 

Other types not referred to at all are running the 
four-wheel a hard pace in the market. The two-drive- 
unit track-layer is gaining in popularity and the two- 
wheel universal type has developed a large market. 

The business is not in shape as yet to consider stand- 
ardization of one universal type. At the same time, a 
short discussion by a majority of the members present 
would aid in establishing a composite of opinions which 
in turn would show the drift the engineering aspect 
might be expected to take. 
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It would seem that a general engine type with standard 
mountings could be settled upon, as well as a final drive, 
also a standard transmission mounting applicable to the 
four-wheel, two-drive-wheel, and two-drive track-laying 
type. It is beginning to look as though the track- 
laying type could be easily standardized in the simple 
two-track-drive without any separate front support. The 
four-wheel type can easily be standardized and the two- 
wheel. type shows a development which would not appear 
to require radical changes in the future, so there is no 
reason why it could not be standardized as a type. The 
vertical multiple-cylinder or opposed double-cylinder en- 
gine for this type, however, is unsettled. 


Fundamentals of ‘Tractor Engine Design 


By H. C. Burrincron* (Member of the Society) 


HE subject of tractor engine design seems simple 
at first thought, and immediately the general out- 
line of a four or six-cylinder engine flashes through 
one’s mind. We picture a smooth iron-clad masterpiece 
solidly mounted upon the frame of a “racy” looking 
tractor. We do not at first consider the carbureter, mag- 
neto and the other contrivances necessary to make it run. 

Presently we ask ourselves, What are the essentials of 
a successful tractor engine; what have we gathered from 
actual experience, and not from theory? What the author 
has in mind is not an engine of high speed and light 
construction, nor is it a heavy one or two-cylinder engine; 
it is a four-cylinder one with certain elements of con- 
struction, which from experience have proved their 
worth. These elements of vital importance are the ones 
upon which the author will dwell. 

Crankshaft.—This is the essential element around 
which the engine is constructed and therefore deserves 
first consideration. Too often this part has been neg- 
lected in the fight for lightness and cheapness. Person- 
ally the author prefers the three-bearing shait. There 
are, however, some points in favor of the two-bearing 
type, in that the two center cylinders can be placed more 
closely together. Doing away with one bearing is an 
advantage, but on the other hand a heavy shaft is neces- 
sary and generally speaking the three-bearing type is best 
suited for large engines. 

The crankshaft stress should not exceed 12,000 lb. per 
sq. in. for a 300-lb. per sq. in. explosion pressure. This 
will give a good solid shaft free from the vibration so 
destructive to bearings. 

Crankpin Bearings.—A good proportion for the crank- 
pin bearings is to take 57 per cent of the cylinder diame- 
ter for the pin diameter and 1.2 of the resulting diameter 
for the length. This will give a projected bearing area 
of half the cylinder area, thus keeping the pressure down 
to 600 lb. per sq. in., using the 300-lb. explosion pressure. 
The main-bearing stress, starting from the front end, 
should not exceed 400 Ib. per sq. in., 400 lb. for the center 
and 250 lb. for the rear, taking the centers of the bear- 
ings as the points of reaction. The rear bearing pres- 
sure is low, but this is necessary to take care of the extra 
pressure caused by the transmission shaft if it happens 
to be out of line with the engine, which is often the case. 

Removable Head.—Whether the cylinders should be of 
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the L-head or valve-in-the-head type is a matter of choice. 
Those who prefer the L-head perhaps use it because, as 
I heard it expressed, “it is a good old family horse.” On 
the other hand, the valve-in-the-head is chosen by the 
more particular, who do not want to be outdone on 
points of efficiency. The cylinder head should part in 
line with, or a little below, the top of the piston and 
not above, as the latter method makes it hard to clean; 
and the piston cannot be removed without first remov- 
ing the carbon from the cylinder walls. There are sev- 
eral important reasons why the removable head should 
be classed as essential, for example, the possibility of 
cleaning carbon, grinding valves, doing away with the 
troublesome valve-cover plug, or valve cage, and making 
it possible to adjust the compression for high altitude. 
Figs. 1, 2, 3 and 4 show this difference and also illustrate 
how the adjustments for different compressions can be 
taken care of much more easily. Many tractors are 
working in altitudes as high as 8000 ft. and the changing 
of the head is a simple matter as compared with the 
changing of pistons. 

Water Jackéts—The water space around the head 
should be liberal, as, unlike the automobile engine, a 
maximum load must be expected for a period of hours. 
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An even thickness of combustion-chamber walls is essen- 
tial for the same reason, and means for checking up the 
thickness should be seriously considered. If, for in- 
stance, there be a hot spot in one cylinder, the carbureter 
must be adjusted for that, or the result will be disas- 
trous, causing either preignition in one cylinder or exces- 
sive fuel leakage past the other three pistons. 
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Long Stroke Preferable-——Theoretically, a tractor en- 
gine should not be pulled down below normal speed, but 
this is often done; in fact, at least 50 per cent of the 
time the operator will have his engine overloaded. For 
this reason the stroke should be at least 1.4 times the 
cylinder bore. The long-stroke engine is also desirable, 
beeause the difference between the engine speed and 
final drive is not so great, and it is more convenient in 
minimizing the transmission-gear diameters. 

Flywheel.—The transmission itself has a great deal to 
do with thé necessity for flywheel capacity, and ‘the 
higher the efficiency of the transmission, the greater 
should be the increase in the flywheel energy. The less 
efficient transmission acts as a shock absorber and lessens 
the shock on the crankpins, while on the other hand the 
shock is transmitted almost directly to the crankshaft. 
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It can then readily be seen why some engines with small 
flywheels do not have half a chance to stand up. In ¢al- 
culating the flywheel dimensions, double the horsepower 
should be taken with an allowance of 10 per cent variation 
in speed. 

Speed Governing.—The control on the engine should be 
such as to limit the speed to about 10 per cent above 
normal. 

Engine Rating for Kerosene.—This should be based on 
800 ft. per min. piston speed, and should not be over 
75 per cent of the engine’s maximum capacity in gasoline. 
Actual laboratory tests have shown that the power out- 
put on kerosene is within 8 per cent of that on gasoline, 
but this cannot be expected under actual working condi- 
tions. 

Fuel Economy.—When pulling its rated load before 
leaving the test block a tractor engine should not use 
more than one pint of kerosene per horsepower-hour. 
This fuel should have a gravity not lower than 42 deg. 
Baumé, and an open flashpoint of not over 120 deg. fahr. 

Engine builders today are at a disadvantage in not 
having a standard fuel with which to develop their 
product. I suggest that the Society establish a standard 
kerosene and a standard gasoline. 

Manifold Heat-Control Essential——One reason why it 
is difficult to run tractors successfully on kerosene in the 
country is on account of the grade of kerosene used in 
small towns. This kerosene might be termed lamp oil, 
and although the specific gravity is not so low, the open 
flashpoint is very high. In order to vaporize this fuel 
for use in engines, it must be heated to a very high 
temperature, which, of course, reduces the power output. 
This fuel gives a very good light, and there is no danger 





from its exploding, but it costs more than the so-called 
distillate, which in most cases is an excellent fuel. 

This point pertaining to difference in fuels is men- 
tioned to point out the necessity of controlling the heat 
between the carbureter and cylinders. 

When it is necessary to use water with the fuel, the 
control of the former should be automatic, because it is 
our experience that the farmer has had considerable 
trouble during the first few weeks of use of engines not 
having automatic control of water. 

Spark-Plug Location.—The author has often been ad- 
vised as to the proper location of vhe spark-plug, but 
after many experiments and sad experiences, has proved 
that the trouble in securing such a location is due largely 
to lubrication. 

Without doubt fifty per cent of magneto troubles will 
be cured by properly locating the spark-plugs, and yet 
engines are designed without attempting to determine 
this. Without hesitation the designer will place it over 
the intake valve on an L-head engine or on the intake 
side of the valve-in-the-head type. Spark-plugs should 
not Le placed near the line of the cylinder bore, where 
oil from the piston will splash on the plug (see Fig. 5), 
nor in line with the intake gases when using kerosene 
as fuel.. A careless operator will use either too much 
fuel or too much water with the fuel, and improper. 
ignition will result when the plug is directly in the path 
of the gas flow. 

The direction of the crankshaft rotation will some- 
times make it necessary to shift the plug to the opposite 
side, because the excessive oil (Fig. 5) thrown from the 
crankshaft will a'wavs lodge on one side of the cylinder. 
If the plug ig on this side or in line with this side, it 
will become fouled much more quickly. The location 
over or near the exhaust valve has often been criticized, 
but aside from the fact that the spark-plug itself will 
have to be replaced more often, it is the most reliable 
position. 

Lubrication.—The tractor engine furnishes the hard- 
est lubrication problem in engine design at present, and 
will continue to do so until a better method of using 
kerosene as fuel is employed. A most excellent oiling 
system has been developed for the automobile, but it has 
turned out to be a miserable failure when used with 
kerosene under actual working conditions in the field. 

We dislike to throw away lubricating oil, and every 
effort should be made to prevent such loss. It is cheaper, 
however, to use the lubricant only once, and then to let 
it drain from the crankcase, than to cause the deteriora- 
tion of the engine by too great economy of oil. Time is 
lost in making adjustments and repairs caused by the 
used-over oil as it gradually becomes thinned by the fuel 
passing the pistons. The most reliable method of lubri- 
cation is to force fresh oil to each moving part, crankpin 
bearing, main and camshaft bearings, gears and cylin- 


ders, and drain it into a reservoir from which it is drawn 
from time to time. 


Every care should be taken to clean the air drawn 
through the carbureter and breather. The oil supplied 
the crankpin must pass through a drilled hole, so that 
any dust entering the crankcase wili gradually pack and 
clog the passages. Any other method, whether force or 
splash, in which oil is used twice, will cause rapid wear. 
This is not the case with carefully operated engines, but 
we cannot expect unusual care from the average operator. 

Accessibility—Handholes placed in the side of the 
crankcase, so that the bearings can be inspected, are quite 
necessary and the base-pan should be light and easily re- 
movable. Every effort should be made so that wearing 

















parts can be removed easily and to avoid crowding small 
nuts into corners and out-of-the-way places. 

Engine Mounting.—In conclusion, I wish to say a word 
about mounting to the tractor designer; this may not 
relate to the essentials of engine design, but is necessary 
to the success of its operation. 

Every effort should be made to have the engine acces- 
sible, not only on the carbureter side but on all sides, 
especially to allow clearance underneath. Allow plenty 
of room for removing the base-pan; if possible avoid 
fastening tractor parts to cap screws and nuts used in 
fastening engine parts, especially to the cylinder-head 
bolts; this only tends to discourage the operator in mak- 
ing necessary adjustments. 

I cannot lay too much stress upon the importance of 
having a flexibile connection between the engine and the 
transmission drive-shaft. It has been necessary to pro- 
vide extra large bearings at the flywheel and to take care 
of the vibration caused by the transmission and engine 
shaft being out of lime, but this destructive feature can 
be remedied. I suggest that a self-contained clutch be 
mounted upon a stub shaft boited to the flywheel flange 
bolts, and also that a flexible coupling placed between the 
clutch and transmission. This construction, Fig. 6, not 
only takes the extra pressure off the crankshaft, -but also 
allows the transmission bearing to run freely. 


THE DISCUSSION 
R. E. DAvis:—The old type of heavy tractor has the 
fault of being open and too many places require atten- 


tion. By that I refer to the valves which are open sub- 
ject to a shower of dust under the average field working 
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I f FLEXIBLE CONNECTION BETWEEN ENGINE AND TRANSMISSION 
A—-F lywheel, I Clutch-Driving Spider, C—Stub Shaft Extension, 
D—Flexible Driving Pine, E—Flange of Transmission Shaft 
conditions. This shortens the life greatly, far more 


than one might expect. On the other hand, the average 
automobile type of tractor engine, as we might call it, is 
inclined to be too “skimpy” in the bearings, and as the 
paper just read brought out, sufficient attention is not 
given to lubrication. If we could combine the idea of 
large bearings and inclosed construction to keep out dirt, 
maintaining a generous film of oil, it would prolong the 
life of the old tractor anywhere from three to five years; 
this applies especially to the valves, which are vital parts 
of the tractor and is particularly true of the horizontal 
valve which tends to rub continually against one side of 
the stem guide and chafe against the 
stroke. 


seat at every 


Tue Furet PRoBLEM 


THOMAS J. LITLE:—I believe the biggest problem today 
in tractor engine design is the fuel problem. We are 
trying to use kerosene in gasoline engines and are not 
succeeding very well because we hear of the dilution of 
crankcase oil and consequent destruction of the bear- 
ings. When we try to use kerosene in the old-type gaso- 
line engine, and send fuel into the intake passages in the 
form of a rainstorm, a great deal of it drops out, much 
of all that gets into the cylinders never burns but merely 
wets the cylinder walls and is forced down by the rings, 
so the real fuel problem is to gasify or vaporize the fuel 
before using it. Not only kerosene, but a great many 
other fuels are going to be used after this war. I have 
been spending all my time for the last two months inves- 
tigating this very problem. Alcohol and benzol and mix- 
tures of the two, and a good many other engine fuels 
will be employed, but the engine designer must not leave 
it all to the carbureter manufacturer. He must bear this 
in mind and avoid abrupt turns in the intake passages 
because the fuel cannot be sent around too many corners. 

J. C. SLONNEGER:—The company I am with has not 
yet attempted to solve the kerosene problem, and I am 
not in position to speak about the kerosene problem, but 
it occurs to me that as yet a really successful tractor 
engine has not been built to burn even gasoline, and we 
are merely adding to our troubles in attempting to burn 
kerosene. I am sure that if the manufacturers of trac- 
tors would try to solve the problem of burning gasoline 
satisfactorily, and go after it with as much energy as 
they have after kerosene, we would have a much better 
tractor engine today. 


EncouraGina ALconoL, MANUFACTURE 
(Discussion contributed after adjournment) 
G. L. LEwis:—The war is bringing us face to face with 


the problem that might have been held off for another 
generation. But the enormous demand for fuel oils 
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has increased by leaps and bounds, until it is reported 
there will be a shortage of over 1,300,000 bbl. this year. 
It is also reported that the Standard Oil Company took 
out of its reserve over 830,000 gal. of gasoline last year. 

In the development of our internal-combustion engine 
the minutest details have been gone into microscopically, 
so to speak, and with the greatest amount of criticism, 
that we might make as nearly a perfect engine as possible. 
Yet we have considered the fuel supply only indifferently, 
or only as it was forced upon us. We have scarcely 
concerned ourselves about the source of supply or per- 
manency of the supply. When some far-seeing mind at- 
tempted to bring up legislation whereby a substitute 
could be manufactured a strong lobby immediately set 
to work to defeat the measure. 
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The time is opportune and ripe for the Society of 
Automotive Engineers to turn its attention to alcohol 
legislation. I think it is our patriotic duty to assist in 
forcing Congress to pay heed to the needs of the people. 
Now is the time to enact laws authorizing the manufac- 
ture of alcohols so that relief from the high cost of fuel 
can be had in the home as well as in the engine industry. 

The world is in a critical condition, and we should de- 
velop our artificial as well as our natural resources, for 
which we have an unlimited supply of raw material. 
There is scarcely a house that does not throw away enough 
raw material to heat, light and cook with if proper legis- 
lation were enacted. Convert our garbage plants into 
alcohol stills, and the utilization of this now waste mate- 
rial would be worth millions to our nation. 


MECHANICS FOR WAR SERVICE 


TATISTICS gathered by the National Advisory Com- 

mittee for Aeronautics from the records of the Signal 
Corps of the War Department show that this branch of 
the service is well organized to supply the requisite num- 
ber of repairmen to keep our aerial fleet in action, after 
it gets well started. There will be no shortage of air- 
plane mechanics. 

Effort is made to secure airplane mechanics from vol- 
untary enlistment, induction, draft, and selection from 
the National Army and National Guard. Men so obtained 
are trade-tested at the place of mobilization and organ- 
ized into squadrons. Any trade list which is found short 
is filled by training men who have the necessary qualifica- 
tions. 

Airplane mechanics are formed into Service, Supply, 
Repair, and Construction squadrons of 150 men each, of 
various trades, and these squadrons are given intensive 
training eight hours per day for 30 days, after which 
each squadron is ready for active service as a complete 
unit. 


Under this plan thousands of enlisted men are now in 
training at various schools and manufacturing establish- 
ments. This work is being constantly enlarged. 


Motor Truck Service 


Engine mechanics for the four Motor Mechanic Regi- 
ments now being organized at Camp Hancock, Augusta, 
Ga., have been and are being secured through a system 
of selection from National Guard and National Army, 
and men of the required qualifications already enlisted 
in the aviation service. 


Balloon Service 


The balloon service is able to secure practically all of 
the trades required in enlisted men by selection from 
aviation recruits. The necessary training to make these 


men work as a team is given to them at the various 
balloon schools. 
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Tractor ‘T’ransmissions 


By E. 


Crrcaco Tracror Meetinc Parer 








HEN we speak of a tractor transmission, we 
generally mean the entire power-transmitting 
device, from the engine to the ground, including 
the pulley for belt work. Tractor transmissions are 
still in an early stage of development. They are com- 
posed of a number of groups of parts that are arranged 
differently in nearly every case, so that they cannot be 
classified without dividing them or making a special 
class for nearly every tractor now being manufactured. 

There are differences of opinion among tractor engi- 
neers regarding many of the most vitally important fea- 
tures of tractor transmissions. Some believe in rough 
open gearing and large plain bearings, as opposed to 
those who insist on cut hardened inclosed gears and 
anti-friction bearings. 

The question of wheels for traction vs. track-layers is 
far from settled. The right size of wheels for wheel 
tractors seems to be further from being agreed upon 
than anything else, and it is one of the most funda- 
mentally important things in tractor design. The design 
of a tractor transmission is affected greatly by the de- 
sign of the wheels or tracklayers that are to give the 
traction. The matter of traction is of first importance to 
the successful tractor, and it is here that opinions differ 
widely. 


*Assistant Superintendent, Emerson-Brantingham Compan 
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R. Greer* (Member of the Society) 


Illustrated with PHoroGRAPHS AND CHARTS 


The track-layer with its large surface contact has an 
advantage on marsh land or sand, where the top soil is 
tougher than the ground beneath, but is at a disadvantage 
when just after a rain the ground is muddy on top and 
harder below. It can bridge a small ditch but becomes 
blocked by one too large to bridge, and side hills or side 
draft cannot be taken care of as efficiently as when wheels 
are used. 

Wheels, simple and not expensive, must be of suffi- 
cient size and provided with lugs to give good traction. 
If a tractor wheel once starts to dig it will not climb out 
of its hole unless the load is released. On smooth hard 
ground a small wheel gives efficient traction, but on newly 
plowed sandy soil or on land where there are washed-out 
ditches a large wheel must be used. The matter of lugs 
is of utmost importance. On some kinds of ground a 
spiral cleat at about a 45-deg. angle will give double the 
tractive effort that can be obtained from the same wheels 
with straight cleats or spikes. 

For efficient general farm work with wheel tractors of 
from 8 to 15 drawbar hp., the drive wheels must be 5 ft. 
in diameter or more, and the problem of the best way to 
drive the wheel is important. The effort being applied 
to the ground, it follows that the rim is the natural place 
to apply the power, but the rim runs in the dirt, so that 
it is necessary to apply it at some point far enough from 
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the rim to be protected from the dirt. If the drive is 
carried to the axle the torsional strains become severe, 
and good construction is expensive and difficult. From 
all indications the inclosed internal-gear drive is likely 
to become the standard traction-wheel drive. ‘ 
The next important item is the location of the drive- 
pinion. The one best location is a point forward and a 
little below the wheel axle. When the pinion is in this 
location the driving force is carried directly to the 
ground, so that the load on the drive-wheel axle bearings 
due to the power delivered is opposite to the load due to 
weight, and the amount of load is the difference between 
the driving effort delivered by the drive pinions and the 
weight of the tractor that is supported by the axle when 
the tractor is standing. In other words, the drive-axle 
bearings are practically floating when the tractor is pull- 
ing a certain load. At less load the bearing pressure is 
downward and at greater load the pressure is upward. 
The strain of the drawbar pull is carried by the drive- 
pinion bearings through the pinion teeth to the drive- 
wheel rim and the ground. It is the lifting effect on the 
front end of the tractor that results in its forward move- 
ment. A number of tractors have enough power to 


aaa 


py 
| , } 
| 
} 





2——-TRANSMISSION AND Top DRIVE OF CASE 9-18 TRACTOR 


raise the front end clear of the ground so that the front- 
end weight is the limit of their pulling power. These 
tractors are difficult to guide and are of no use at all on 
hills. Enough dead weight must be carried on the steer- 
ing wheels so that the tractor can be guided on the steep- 
est hill. 

The front-wheel drive offers an easy solution for hilly 





Fic. 3—VERTICAL SECTION 
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Fic. 4—PARRETT CLUTCH TRANSMISSION AND DRIVE 


ground as in this case the reaction from the load is down- 
ward on the rear steering wheels. There is no tendency 
to tip up, and the harder the pull the more positive is the 
control. The rear wheels must be of ample size to carry 
the additional load, and the difficulty is in arriving at an 
arrangement to handle the implements when the front 
wheels are the drivers. While the steering mechanism 
may be complicated, the power transmission can be sim- 
ple, the weight can be placed mostly on the drive-wheels, 
and ditches and hills can be easily negotiated. The four- 
wheel drive immediately suggests itself, but the mechan- 
ical complication and expensive construction make it pro- 
hibitive. 

The protection of the working parts is not easily ac- 
complished in tractor transmissions. An argument used 
by those who favor open rough cast gearing is that the 
farmers cannot keep transmission grease or oil clean and 
that some grit is always put into the case at every filling. 
They make the claim that as long as parts cannot be kept 
clean they wear out and may as well be made simple, 


‘open, and to operate without lubrication or when covered 


with dirt. 

One unprotected drive, known as the roller pinion 
drive, has been extremely successful on tractors. It can 
be made to last a season, is cheap, and is easily replaced. 
Perhaps the worm-drive gear can be taken as the oppo- 
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site extreme because the excessive tooth pressures, to- 
gether with the vibration and dirt, have prevented its 
being a success, no matter how carefully it is built. 

As the users of tractors become more educated so as 
not to abuse their machines, then thoroughly protected 
well-made parts will become more general. Today sim- 
plicity is vital if a tractor is to be successful, but educa- 
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GEAR FINAL DRIVE 


COMPANY'S INTERNAL 


tion is increasing the demand for well-made, efficient, 
protected parts. 


Anti-Friction Bearings 


A notable advance in tractor transmission design is 
that anti-friction bearings are becoming universally 
used. It has been found that an ample, non-adjustable, 
anti-friction bearing can last indefinitely in tractor serv- 
ice. Transmission-bearing trouble has been a common 
tractor fault in the past, and its elimination is a decided 
step ahead. 

The shafting as a rule is made of ordinary mild steel, 
because gears and bearings generally have to be of such 
a size that the shaft sizes are ample when this material 
is used. It is important that splines be used instead of 
keys. 
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Fic. 8—‘‘Bic Four” 20-35 Tractor TRANSMISSION 

The standard type of automobile or truck transmission 
does not meet tractor requirements at all. The gear re- 
duction is too small, no belt pulley is provided for, the 
change-speed arrangement is wrong, the parts are not 
large enough, and it cannot be applied to a good tractor 
design. . 

The total gear reduction in a tractor varies between 
30 to 1 and 100 to 1, so that several reductions have to be 
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used, although in some cases entire transmissions are 
built as a single unit. It is best to discuss each reduc- 
tion separately, and to consider especially the final re- 
duction by itself. 

In general all tractor transmissions are driven from 
the engine through a friction clutch. No universal-joints 
are used, although clutches are designed to take care of 
any misalignment. Cone, disk, shoe, band clutches, and 
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friction drives are in use. The cone clutch and the in- 
ternal expanding shoe clutch are most common. 


First Reduction Gearing 


First-reduction gearing may be of almost any kind. 
The reduction varies from 1 to 1 to as much as 8 to l. 
The change in speeds and the reverse are often worked 
in on the first reduction, but it is also common to use the 
second reduction. When the engine shaft is not parallel 
to the drive-wheel axis the first reduction gears are often 
of the bevel type. There is considerable advantage in 
having the bevel gears as the highest speed gears. The 
cost is reduced and also a chance provided to get a belt 
pulley on a fairly high-speed shaft without the necessity 
of using a separate set of gears and a clutch. 

When spur gears are used for the first reduction, the 
change-speed gears and reverse are generally a part of 
it as they can be much smaller and cheaper in this posi- 
tion than in the next reduction. This arrangement is 
general on tractors, in which the engine sets crosswise; 
it is also used to some extent when the engine shafts are 
set lengthwise of the tractor, even though this arrangé- 
ment necessitates a larger and more expensive set of 
bevel gears in the second reduction and also the use of a 
separate set of gears for the belt pulley. 
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Change-speed gears are usually arranged so that the 
pinions slide on the drive-shaft and engage large gears 
on the driven shaft. No divided shafts or countershafts, 
as are found in automobile transmissions, are used, ex- 
cept for reverse gears. Thus all gears are disengaged, 
except the ones actually in use, and no idle gears or extra 
reductions are necessary for different speeds. 

Another advantage in this arrangement is that all 
change-speed gears are disengaged when the belt pul- 
ley is to be used. Tractors are used for belt work for 
long continuous runs and gears or shafting running idle 





Fig. 183—TRANSMISSION AND INTERNAL GEAR DRIVE OF THE WATERLOO 
Boy TRACTOR 


are undesirable because they waste power and require 
special lubrication. 


Second Reduction Gearing ° 


The second reduction is sometimes the final drive, al- 
though this is not often the case. Usually it is the drive 
to the shaft that carries the differential. If the differen- 
tial can be placed in this position ahead of the last re- 
duction considerable expense can be saved because all the 
parts can be made much smaller. 

Differentials have to be made strong and of ample size, 
because the traction members are always slipping, so 
that the differential parts are working all the time. Dif- 
ferential locks are considered good practice. Brakes for 
holding one side for short turning are often used, but 
brakes for stopping, while necessary, are not important. 


Third Reduction Gearing 


The third is usually the final reduction; it is the most 
important part of a tractor transmission. The load and 
vibration on the teeth and bearings generally cause wear 
of these parts first, and as they are large, expensive, and 
difficult to replace it is necessary they be made to give 
the best of service. 

When there are more than three gear reductions, the 
extra one is used either to gain compactness or to provide 
for some special arrangement of parts. 

Tractors are used for plowing a large part of the time 
and generally are operated at speeds of from 2 to 2% 
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m.p.h. Many have only a single speed, but most of the 
late designs have two or three speeds. When there are 
three speeds one is lower and one higher than the plow- 
ing speed. When only two speeds are provided the sec- 
ond speed is usually slower than that for plowing. The 
range between speeds is nearly always between 30 and 
40 per cent. 

A tractor transmission is really a series of com- 
promises, each part being affected by all of the others, 
so it 1s no wonder that there is such a difference in de- 
sign. A different location of the belt pulley alone will 
materially affect the entire transmission arrangement. 
At present there is little chance of formulating valuable 
transmission standards. It will require more time and 
many tests to prove what is best. 


THE DISCUSSION 


CHARLES A. TRASK :—Thousands of tractors with fric- 
tion transmissions are in successful operation, and I feel 
that this type is entitled to more than passing mention, 
in view of the complete information given by Mr. Greer 
covering various forms of gear transmissions. 

E. R. GREER:—I was not able to obtain any illustra- 
tions showing tractors with friction transmissions, which 
is the reason why they are not covered in my paper. 


AntTI-FRIcTION BEARINGS FOR TRACTORS 
(Contributed after adjournment) 


R. E. DAvis:—The majority of the illustrations in Mr. 
Greer’s paper show anti-friction bearings. This shows 
the trend of thought to be in favor of fuel economy, 
which is very fitting at this critical time in our nation’s 
history. The question of economy on drawbar work is 
of great importance, not only to the user but to the entire 
world. The amount of power loss in an anti-friction 
bearing is only a very small fraction of the power loss 
in a plain bearing. The loss in a plain bearing is from 
10 to 20 times greater than the loss in an anti-friction 
bearing, according to available information and tests. 

Taking the smaller figure, and giving the plain bearing 
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the benefit of the most favorable conditions, the differ- 
ence in power loss is still great enough to warrant our 
careful attention. It is great enough on a tractor of 
20 b.hp. to increase the drawbar capacity and efficiency 
40 to 60 per cent over the capacity and efficiency with 
plain bearings, all other things being equal. 

At once the question comes up, “the engine has power 
enough to slip the wheels with plain bearings, therefore 
no capacity is gained by the added saving in power.” In 
many cases this is true, but it merely proves that the 
design is not properly balanced to take advantage of the 
engine’s power when anti-friction bearings are substi- 
tuted. This condition could easily be adjusted to take 
advantage of the increased drawbar power of 40 to 60 
per cent, still reserving enough to slip the wheels. 

Where the old rating for such a sized tractor was 10-20, 
with plain bearings in the transmission and axle, the 
tractor’s rating could be 15-20 for anti-friction bearings. 
Of still greater importance is the question of drawbar 
economy. Again taking the 20 b.hp. tractor, previously 
referred to, the difference in power loss between plain and 
anti-friction bearings amounts to 5.38 hp. at full load. 
The plain bearing losses are distributed as follows, based 
on 10-20 rating: 


Drawbal! 
Per Cent 
2 Bearing next to bull pinions 19.5 
1 Bearing on first reduction shaft nearest overhanging gear LE 
1—Bearing on opposite end of first reduction shaft 
l—Bearing on counter shaft 
1 Bearing on counter shaft vel) 
2—Rear axle bearings 1.2 
Plain bearing loss 7 
Anti-friction bearing loss 1.85 
Saving in favor of anti-friction bearings F385 
*—5.38 hp 


This amount is clear gain, and can be added directly 
to the drawbar and given credit as a net saving. In other 
words, a 20-hp. engine working at full load will deliver 
to the drawbar a little over 50 per cent more net power 
with anti-friction bearings in eight of the ten places than 
it would do if plain bearings were used. This means a 
saving of a little over 50 per cent of the fuel required 
to do the same amount of drawbar work, or approximately 
10 gal. of fuel per day’s work of the plain-bearing type 
tractor when under full load. 

In this particular size tractor the additional cost of the 
anti-friction bearings, to cause the above saving, 
amounted to approximately $30.00 per tractor at the 
present market prices. This cost would be regained in 
fuel saving within a very few days. 

There are a very few, if any, of us today who would 
design an automobile or truck with plain bearings 
throughout the transmission and rear axle; much less 
would we think of putting a grease cup on each of these 
bearings and asking the user to crawl under and tighten 
these cups each hour. 

When the fuel-saving and trouble-saving problems are 
presented to the prospective purchaser of a tractor it 
would be an easy matter for the worthy customer to 
decide whether or not he wants to pay 2 or 3 per cent 
more for a tractor that would save 50 per cent of his 
fuel on drawbar work and at the same time require lubri- 
cation once a week instead of once an hour; and in addi- 
tion to all these advantages give him an opportunity to 
do his bit in conserving the world’s gasoline supply. 
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Farmers’ Service Requirements 


By GreorGe Cormack* (Member of the Society) 


ERVICE as generally accepted is something that 

the tractor manufacturer has to give to the buyer 

of a tractor after the salesman has told the buyer 
that he will never need it. It will be noticed that I used 
the words “as generally accepted.” Again, service in the 
tractor industry is assumed to be a function pertaining 
solely to the sales department, and to all of the agencies 
interested in selling the goods. To my way of thinking 
service in the tractor business is much more complex than 
simply fixing the farmer’s tractor when it balks and 
teaching him how to run it, although these are doubtless 
important and too much intelligent attention cannot be 
given them. 

No matter how efficient a corps of tractor salesmen 
and trained tractor experts are, or how prompt the ser- 
vice to the customer in times of trouble may be, troubles 
will only increase and multiply as the business grows 
unless the system of service reaches much further back 
into the organization than to the sales department and the 
efficient army of trouble shooters. Service, real service 
to the customer must begin long before the customer 
becomes a vital element in the success of the business. 
Service to the customer begins in the engineering depart- 
ment and in the drafting room, in close conjunction with 
the experimental department. From the first line put on 
a piece of drawing paper by the designer down through 
the endless processes of production until the finished 
machine is handed to the buyer, service to the buyer 
should pervade and dominate every activity, every move- 
ment. 

SERVICE MEANS USEFULNESS 


The maximum usefulness of a tractor can be obtained 
only by the intelligent cooperation of four human ele- 
ments all working to attain maximum efficiency with 
minimum effort. These four are: The designer, the 
manufacturer, the sales department, and lastly the 
farmer himself. As yet the tractor problem is not a 
sales problem, anything on four wheels that can move 
around for a short time can be sold as a tractor. The 
problem so far is purely one of design and manufacture. 
Some day in the future when the designers have produced 
better machines and the manufacturers have built them 
just as well as they know how, then will there be many 
first class tractors on the market, then and not till then 
will it change to a real sales problem. 

In a majority of our engineering departments we have 
too much invention and too little sane machine design, too 
much guess work, too little thorough investigation and 
scientific research, too much of taking a gambler’s chance, 
and thinking we can thus succeed; and too vague a reali- 
zation of the extreme difficulties of the problem we are 
trying to solve. 

Every designer of machinery, if he is really efficient, 
is more or less of a pessimist regarding his own products. 
He cannot escape knowing the many intricate and vexing 
problems yet to be solved, he knows that there never was 
and never will be a perfect machine, and that the most 
he can do is to eradicate some of the faults and weak- 
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nesses. The mind of the real designer—I am not talking 
of inventors—is continually focused on these weaknesses 
and faults and in consequence he looks at his product 
from a standpoint absolutely opposed to that of the good 
salesman, who believes without question of a doubt that 
the machine he is selling is the one and only perfect 
machine on the market. 

Whenever we hear anyone who claims to be an engi- 
neer, a designer, telling what a wonderful machine he 
has designed, so much better than anything ever made 
before, we can make up our mind that he is not a rea) 
designer and never will be. It is quite possible for an 
experienced designer to design a machine more nearly 
perfect than anything ever before produced, but the man 
capable of that is not bragging about it. 

No amount of field service, be it ever so efficiently 
performed, can compensate for the inefficiency and care- 
lessness of the tractor designer. He owes it as a 
service to the customer to incorporate in his design 
such elements, and such only, as careful study, close 
observation, experience, and good judgment convince 
him are the best, not the cheapest. One of the prin- 
cipal features in tractor designing, and one that re- 
ceives far too little study and attention, is accessibility 
of the parts that must have attention and adjustment. 
I use the words “must have’’; ordinarily in our advertising 
matter we say “might need.” Tractor design should in all 
cases call for first-class workmanship, and the designer 
does not radically depart from standard mechanical prac- 
tices unless he has abundant opportunity and time to 
make thorough tests. 

It is better to keep away from inventions that are going 
to revolutionize the industry and instead to stick through 
thick and thin to the evolution of a practical, sane design 
conforming in every way possible to such standards as 
have already been set, and to lend every encouragement 
and help within our power to further standardize tractor 
elements. The designer who is working along these lines 
is doing the first and greatest service possible to the 
farmer. Only by evolution in design and standardization 
in detail is it possible to make better and really cheaper 
tractors. Progress in any line of our activities is like 
the progress of the sun—so slow that we cannot see it, 
but so sure as the change from night to day. 


Cause of Short Life 


Many different makes of small tractors are now on 
the market, and what follows relates only to small gas 
tractors, four-plow and smaller. A large majority of the 
small tractors sold are practically wrecks at the end of 
one year’s work. Some struggle through two years’ serv- 
ice while a very few are still running at the end of three 
or four years. I have never seen a tractor that has been 
in continuous use for five years on the farm, although 
it is quite possible that such a machine can be found. 
It will be generally conceded, however strongly we may 
talk about the long life of tractors, that a tractor of 
this class that is still at work after ten years’ continuous 
service is worthy of a place in a museum. 

Why is it that our tractors cannot give at least seven 
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or eight years’ service? Of course we very naturally say 
that the farmer does not give the tractor proper care; he 
overloads it, he uses the wrong kind of lubricating oil, 
he does not change the oil as often as he should, he does 
not keep the delicate parts clean, and other things that 
we blame onto the poor farmer. Very often all or part 
of these things unquestionably are true, but all farmers 
are not that way. Some that I know are careful and use 
the best of judgment; they are willing to follow any 
suggestion in order to keep their machines up to the point 
of highest efficiency. There is a steadily increasing 
number of really good tractor operators, but even they 
can use a tractor only for a few seasons. The main 
reason why gas tractors are so short-lived is because 
they are not carefully enough designed, and because they 
are in too many instances designed and manufactured, 
not with the idea of giving long and continuous service 
to the farmer, but solely to come inside a cost price that 
will allow an attractive selling price to be made to the 
customer. To my way of thinking, success in the tractor 
business will never-be based on price alone; quality, dura- 
bility, ease of operation, accessibility of parts, the ele- 
ments that give and insure long and satisfactory service 
are the points that eventually will hold the attention of 
the farmer. 


CHEAPENING MANUFACTURE 

We as a nation have a reputation for manufacturing 
many machines and other articles of high quality and 
merit; alors with this we are known as the topnotchers 
in displayine ingenuity in our processes of manufacture. 
There is on'v one way to cheapen a first-class machine 
and that is through improved methods of manufacture. 
If we analyze the production methods of any company 
producing first-class machinery we will find that a hun- 
dred times the inventive genius necessary to design the 
product has been expended in the invention of jigs, tools 
and special appliances necessary in its economical pro- 
duction. The main difference between the ordinary in- 
ventor and the trained and experienced designer is that 
the inventor too often has no conception, and has a 
disregard of how the several parts of his machine are to 
be made; the designer, if efficient, sees every detail of 
the process through which every single piece must pass 
before it becomes a part of the finished machine. Real 
designing is restricted by the questions: How is the 
pattern to be made? Can it be molded easily? How is 
it to be machined? and will the jigs and tools necessary 
be too expensive? 

On the other hand we also have a reputation for 
putting out much stuff that is pure junk, particularly in 
the way of tractor accessories. Take, for instance, the 
ordinary agricultural monkey wrench, which is sent out 
to the farmer by the millions, being given to him with 
almost every machine he buys. Ninety per cent of them 
are no good and can only be used a few times, if at all, 
and the farmer usually buys a good one himself. This 
holds good in regard to malleable wrenches and cheap 
pliers. The other day I saw a sample of pliers intended 
to be sent out with tractors and gas engines; they were 
imitations made of practically worthless cast iron. If 
we are going to send out wrenches and tools with our 
tractors, let us send good ones, something that can be 
used. It is better to send out a machine without tools 
than to send it out with cheap, worthless trash that we 
dignify by the name of the necessary tools. 

Today too many tractors are simply imitations. Trac- 
tor designers, if they do their full duty to the farmer, 
must design for service and real lasting service only. 


140 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


It may be said that many farmers cannot afford to buy 
a high-grade tractor, but I say that the man who really 
has use for a tractor cannot afford to buy any other 
kind. From talks I have had with farmers who have 
bought cheap tractors, with the inevitable consequences, 
they are rapidly coming to look upon the tractor-buying 
problem from the quality-first standpoint. If the tractor 
manufacturer insists that his designers give him a care- 
fully-thought out and practical machine, that it is built 
of the best materials, with such an equipment of ma- 
chinery and men as will insure the best workmanship and 
interchangeability of parts, then and only then is he 
rendering the first and greatest service to the ultimate 
buyer, the farmer. All further services are secondary, 
however important they may seem to be. 

Thoroughly trained and competent men should be sent 
out to instruct the customer as to the proper things to 
do, and also the things not to do. These men should also 
give a good deal of their time to instructing the dealer 
and his men. I do not -believe that these instructors 
should be salesmen. Some salesmen make good service 
men, but usually the salesman has other things to think 
about; if he fails on a service job he naturally is hurting 
the reputation of the machine he sells, and what is 
worse from a sales standpoint, his confidence in the 
machine. 

The greatest service that the salesman can render the 
tractor buyer is to tell him the truth, the whole truth, 
and nothing but the truth. He cannot do this, however, 
unless the designer and the manufacturer give him a 
machine that will stand all tests. The tractor salesman 
not only should be thoroughly versed in the merits of the 
machine he sells, but he also should know its limitations 
and should frankly tell the buyer about these limitations. 

The farmer has one peculiarity in regard to any prime 
mover, be it gas engine or tractor. When it is first 
started up he has an insane desire to stall it, especially 
so if some one from the factory is around. Hundreds 
of gas engines and tractors, if not ruined, have had their 
period of useful service shortened by thoughtless fool- 
ishness in trying to make a spectacular start. Of course 
the farmer pays for all this, but if the salesman wants 
to be of real service to his customers he should use every 
argument he can to convince them that they will be 
working for their own best interest if they will use 
common sense and a little better judgment in starting 
the new machines they buy. If he can induce the farmer 
who buys a three-plow outfit to use only two plows for 
a few days until the tractor is worked in and he be- 
comes accustomed to handling it, the salesman has ren- 
dered a great service, has saved the farmer money, and 
furthermore, has shown himself to be a real salesman. 


Facts About the Industry 


The farmers have been and are being lied to so 
much that some day not far distant they will pick out 
and appreciate the man who tells them the truth about 
tractors; this man will get their business and he will 
get it at his own price. The farmer owes himself a 
service if he wants to get the best there is from the 
tractor he buys. He must understand that everything the 
instruction book says is important. 

The addition of lubricating oil just a few minutes too 
late may diminish the usefulness and shorten the life.of 
a tractor by from 25 to 50 per cent. Every effort should 
be made to bring the farmer to realize that even if he 
buys a first-class tractor, its length of service largely 
depends upon his care, attention, and good judgment. 
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If we tell him everybody can run a tractor and it is 
all right to let everyone run it, we are doing him an 
injustice. The tractor should, where it is at all possible, 
be cared for and operated by one man, who should be 
held responsible for its condition. Every machine has 
its own individual peculiarities. Let us try driving some 
other cars of the same make and model as our own. We 
will find that no two of them can be handled alike. There 
will be variations in the throttle, the spark advance, the 
clutch, the steering wheel and the brakes; little differ- 
ences that will worry us until we get accustomed to them. 

Service as Citizen’s Duty 

Before I finish I want to go a little deeper into some 
of the things I have already mentioned in regard to 
service to the farmer in order to show that they are 
inseparably linked with the highest absolute service of 
the individual citizen as a citizen. We are today living 
in a critical period in our country’s history, a critical 
period in the world’s history. For over a generation 
life has been easy for us in this country. There really has 
been plenty for all, and everyone has taken all he could 
get. During these years we have lost a great deal of the 
real conception of citizenship; we have not known nor 
appreciated how well off we really were; we have been 
unappreciative of our privileges and remiss in the dis- 
charge of our duties. 

If we wanted to design, manufacture and sell stuff 
that was junk, whose business was it but our own? We 
sold it cheaply enough, the customer got what he paid 
for, and he did not object very much; he bought better 
stuff the next time and threw the junk in the scrap pile. 
This may have been all right in the past, although I will 
not say that it was, but I say that today it is absolutely 
wrong. If we are designing, manufacturing and selling 
a product that we know is not as good as it could be, 
will not give as long service as it might if better de- 
signed and more carefully made, then we are neither 
giving the service to our customers nor to our country 
that is required of us. Why? Because we are using 
up both labor and material—the scarcest things in this 
country today—without obtaining the greatest results 
from that labor and material. 

We have no right, more especially at-this time, to 
waste the resources of our country. Our country de- 
mands more of us in service than-carrying a rifle, buying 
Liberty Bonds, subscribing to the Red Cross and the many 
other things that we are called upon to do and that we 
are doing willingly and cheerfully. The full duty we owe 
to our country is not by any means purely a spectacular 
one; it is not something we do at odd times when we are 
through with what we are pleased to call our own private 
business, but is something that should pervade and domi- 
nate all of our activities. Therefore when we who are 
in the tractor business are not designing, building and 
selling to the American farmer the best tractor we can, 
we are not in the first place giving the farmer the best 
service within our power; in the second place we are 
not serving our country to the best of our ability; and 
further we are not as good citizens as we should be. 

Following the same line of reasoning, the farmer who 
is not doing all he can to care for and operate properly 
the machine we build and sell him, who is overloading 
it, or leaving it out doors in all kinds of weather, is also 
wasting and destroying the resources of the nation. But 
it may be said that if the farmer can afford to buy trac- 
tors, or anything else, and destroy them through his care- 
lessness, abuse and neglect, whose business is it but his 
own? In the past such a reasoning has stood because 
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we have been the most prosperous, the most profligate and 
easiest going nation the world has ever seen; under the 
present conditions, and in the new future that is opening 
before us, such ideas will be classed under an ugly name, 
and they will be known as anarchy and treason. 
History, the real history of the evolution of the human 
race and what we call civilization, if carefully studied, 
shows us that at all times the ideals of today become the 
commonplace facts and everyday practices of tomorrow. 
We, the American people, the greatest nation on the face 
of the earth, are nothing if not idealistic. Our very 
existence, the fact that we are a great nation, is because 
at every crisis that has arisen we have had men of high 
and far-reaching ideals who were ready to give every- 
thing, even their lives, for the attainment of these ideals. 
We are, as a nation, stepping out from the mists, the 
superstitions, the misery and terrors of the ages of the 
past into a clearer light, a higher responsibility, a greater 
knowledge. Before us lies an untrodden path, a path 
that no nation has heretofore dared to tread, and our 
success will absolutely depend upon us individuals. If 
we are in harmony individually with the highest ideals 
of the nation, if in all our activities we practise un- 
selfishness, then we as a nation can go far. But, on the 
other hand, if we are looking forward to greater and 
increased profits for ourselves, if, in other words, we are 
figuring on coining the blood, the misery, the wretched- 
ness of our own and other peoples into gold, then we 
may as well join forces with the Kaiser, because in that 
case we differ from him only in degree and not in kind. 


AvutTHor’s CONCLUSION 


In this paper I have consciously refrained from dealing 
with conventional things pertaining to the field service, 
and which we are expected to render our customer, the 
farmer. The keeping of adequate stocks of repair parts 
near customers, properly trained experts, how to train 
these experts, how to train salesmen and a host of other 
details, all these have been and are being thrashed over 
until they are threadbare. We know that these things 
are a vital part of any permanent business that deals 
with the farmers, and we also know that if these things 
are neglected we will soon have little or ho- business to 
attend to. 

I want tractor engineers to think about some of the 
other things I have said. If they can blend a little 
more unselfishness into business there is no question 
about good service to the customer following as a natural 
consequence. I am not asking them to give anything 
away, but I am asking them to design and build the best 
tractors that can be built; first, because it is the greatest 
service they can render the farmer; and second, because 
it is the nearest duty they owe their country if they 
cannot carry a rifle. 

We do not have to give first-class things away, neither 
do we have to sell them without a reasonable profit. A 
first-class article, an article that can demonstrate its 
quality by long and useful service, can always cémmand 
a price commensurate to its value. We have only to look 
around us to see that the enterprises that are manufac- 
turing the best grades of any kind of goods are the 
solid, permanent, dependable institutions. The man who 
makes these high-grade goods is usually the one with 
the first-class credit rating and bank account. Business 
failures are most prevalent among those who make the 
shoddy goods, the imitations. They spring up, flourish 
for a time and are gone simply because a low price and 
deceitful advertising never have and never will take the 
place of sterling quality, worth, and service. 
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toward standardization has INTRODUCTION limited conditions no comparison 
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The advent of internal-combus- ae an See Sees ee ars eee soe 


tion engines has introduced a new science 

and important element in the 

lubrication of machinery, namely, 

much higher operating temperatures. Oils in these en- 
gines not only are exposed to high temperatures, but 
also are brought into intimate contact with carbureted 
air and products of partial or complete combustion, which 
contaminate them. 

When the science of internal combustion-engine design 
was in its early stages little attention could be spared 
for the proper study of explosion-engine lubricants. As 
this type of engine approached perfection a difference in 
lubricating oils was soon perceived in service. Engine 
manufacturers soon found that certain oils gave good 
results while others were unsatisfactory. As their chief 
task, however, has been to produce engines, and not oils, 
their attention has been concentrated exclusively within 
their own field. In rare instances some engine manu- 
facturers have made exhaustive experiments with lubri- 
cating ojls, assuming that such oils bought in litho- 
graphed tins would always be of uniform quality if called 
by the same trade name. This assumption, erroneous on 
their part, has resulted in the complete nullification of 
much good that might have been derived from such en- 
gine tests. Unfortunately, intelligent tests cannot be 
made on lubricating oils in heat engines unless they 
are planned and carried out by operators who thoroughly 
understand all the features of internal combustion engine 
operation, as well as the fundamentals of hydrocarbon 
chemistry and the important secrets of the oil-refining 
industry. Lubricating efficiency and oil quality are dis- 
tinctly a chemical matter, hence any specification seeking 
to limit quality and to definitely fix suitability and uni- 
formity must repose upon a strictly chemical or physico- 
chemical basis. 

There are so many variables in the operation of inter- 
nal-combustion engines that unless all tests are run under 
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realm of alchemy to the sphere of 





termination of the practical serv- 
ice value of lubricating oils. Oils 
that permanently emulsify with 
distilled water were found to rap- 
idly decompose when used in an engine. Hydrocarbon 
oils showing a poor emulsion test also always suffer an 
undesirable decomposition when exposed to heat. In- 
creased familiarity with these two tests soon proved to 
oil refiners that the best public demand was for engine 
oils that showed up most favorably under such tests. But 
the.indications of these two tests were proved to be too 
limited to serve as a basis for judging all oils. When no 
“sulpho” compounds or highly unstable hydrocarbon 
compounds were present the results obtained were nega- 
tive. Consequently, other tests had to be evolved that 
would indisputably and definitely prescribe the stability 
(meaning resistance to chemical change) and the suit- 
ability (correct volatility for the operating conditions) 
of all oils for use in internal-combustion engines. 

In the light of the most recent study and exhaustive 
experimentation, the oxidation test appears to be the 
only dependable and satisfactory method by which the 
stability of oils can be predicted when they are used in 
service. The main facts shown by this test are the evap- 
oration logs and the rate at which solid hydrocarbons 
are formed by polymerization or precipitation when oils 
are exposed to working conditions of an engine. 

The distillation of finished oils under a high vacuum 
offers an unfailing means of determining their constitu- 
ents; that is, of what groups of hydrocarbons, highly 
volatile or less volatile, the finished oils may consist. This 
test is a useful supplement to the oxidation test. 

In the oxidation test oils are exposed to a uniform 
high temperature and the surface of the oil under test 
is swept by a continuous current of air, thus duplicating 
actual conditions to be met with in an engine. 

Fractionation under conditions of high vacuum is an 
excellent method of making an approximate analysis 
of finished lubricating oils, since it permits of separating 
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the volatile from the less volatile portions in graduated cause of their most obvious characteristic, color. It has 


fractions. When oils show high evaporation loss the oxi- 
dation test alone cannot explain the reason for this loss. 
Evaporation may occur because of natural volatility or 
because of the occurrence of “cracking,” that is, decom- 
position of the oil into light portions and heavy liquid or 
solid hydrocarbon residuals. 


CustoMarRY Routine TEsts 

Before giving an extended description of the apparatus 
and the method of making the test it is, perhaps, well 
to discuss certain routine physical tests that have become 
traditional to the oil industry and to the oil consumer. 

The problem of differentiation between groups of hy- 
drocarbons sold under trade names is a different matter 
when viewed from the angle of the oil refiner, as com- 
pared to that of the final consumer. The oil refiner 
must have some practical tests that suffice for his pur- 
poses, but that during the processing of his distillates 
may enable him to produce oils having uniform properties. 

A perfect knowledge of his crude oil, as well as a 
familiarity with all of the distillates from that crude oil, 
automatically build up for the refiner a series of stand- 
ards which, though significant to him, are meaningless to 
the consumer. In most instances these standards are of 
little value to other oil refiners who are handling crudes 
of different characteristics. The meaning of these cus- 
tomary routine tests—gravity, flash, fire, viscosity, cold 
test and color—may be taken as examples. By these tests 
oil refiners accustomed to handling some specific crude 
or mixtures of crudes soon become so familiar with their 
distillates as to be able to condemn or approve any dis- 
tillate in any stage of refining. 

Gravity Test.—The first separation of crude oil into its 
distillates is usually controlled by their gravity. This 
test also indicates to the oil refiner the geographical 
source of the crude oil. Formerly, all oil refiners judged 
the quality of the light volatile products, such as fuels 
for engines, by gravity alone. Present-day developments, 
however, have shown that this is not a proper indication 
of volatile fuel characteristics. Gravity, as applied to 
any petroleum product, is of no practical significance to 
the consumer. 

The flash test is used by oil refiners as a measure of 
volatility. The very lightest products, such as gasoline, 
are not controlled by a flash determination. The flash 
point of all other distillates and residues is generally 
used as_an indication for necessary separation of distil- 
lates into their required fractions. The flash test made 
on products not contaminated is an indication of the 
same property as shown by the fire test. When the 
products are contaminated the fire test shows more nearly 
the real constituents of the oil examined. 

Neither flash nor fire tests are of major importance 
to the consumer because the real volatility of oils, as 
determined by distillation under high vacuum, gives him 
a true measure of oil economy in service. 

Cold Test.—The cold test is usually applied only to 
lubricating oil fractions, and is employed by the refiner 
te control the finishing of his products. It is of im- 
portance to the consumer in determining the suitability 
of oils for use under certain climatic conditions. 

Viscosity Test—The viscosity of his products is of 
concern to the oil refiner only in to far as it may be re- 
quired to meet the demands of the consumer. Through 
practical experience the consumer has learned what the 
correct viscosities of lubricants should be for different 
types of machinery. 

Color Test.—As the petroleum industry developed, cer- 
tain products were gradually accepted as standard be- 


long been customary to include the color value of an oil 
as a necessary marketing requisite, along with its other 
properties. The refiner takes the color of oils into con- 
sideration as being a valuable indication of their uni- 
formity, it being also a check on correct processing. Al- 
though in the past color was considered as an indication 
of purity, it has been demonstrated beyond any doubt 
that it alone means nothing in service to the ultimate 
user. . 

The unusually rapid development of aviation engines, 
and their importance for war purposes, have been the 
direct causes for further investigation and the carrying 
out of intensive study of the relative qualities of all 
available lubricating oils in the American market, special 
and otherwise, intended for use in automobile, truck and 
aircraft engines. In continuing this study, naturally, due 
consideration was given to routine oil testing as now 
made by oil refiners. Of these tests, gravity, flash, fire 
and color were soon eliminated as being non-essential, 
because they gave no decisive indication of the decom- 
position of an oil when exposed to heat. The viscosity, 
cold test, volatility, susceptibility to oxidation, and emul- 
sifying properties were substituted as being the only 
tests actually required. These five tests have been found 
to prescribe completely and accurately the stability and 
suitability of lubricants for the above-mentioned engines. ~ 


RECOMMENDED LUBRICATING OLL SPECIFICATIONS 


The following specifications, which are recommended 
by the author for lubricating oils to be used in internal- 
combustion engines, are based on the five tests determined 
to be essential. In order to put them into force it would 
be absolutely necessary to standardize the apparatus used 
in the determination of all the properties indicated. This 
also applies to the standardization of petroleum ether. 
Given below are a description of this apparatus and the 
specifications of the petroleum ether, both of which are 
recommended for standardization. 

The nomenclature used for designating the specifica- 
tions is as follows: Aircraft engine oils, A. E. O.; auto- 
mobile and truck engine oils, A. T. O.; and Knight sleeve- 
valve engine oils, K. S. V. O. The air-cooled motorcycle 
engine oils are not given a separate designation, since 
the oils specified for other duty can be used. 


AIRCRAFT ENGINES 
. E. O. No. 1 (High Altitude or Low Altitude Winter) 
Viscosity at 212 deg. fahr., seconds.58 to 70; desired 65 
FINE Eide cb ew centre de be Maximum 40 deg. fahr. 
Boiling-point range, 
Maximum 4 per cent under 300 deg. cent. 
» Cmte. ...<.3<. Insolubles, maximum 0.20 per .cent 
Evaporated loss, maximum 40 per cent 
tiphedheuie uMbebe ee ede Maximum trace 
A. E. O. No. 2 (Low Altitude Summer) 
1. Viscosity at 212 deg. fahr.,seconds.80 to 90; desired 85 
5. SN 6 bs be wee boka snaee Maximum 45 deg. fahr. 
3. Boiling-point range, 
Maximum 4 per cent under 300 deg. cent. 
4. Oxidation..... Insolubles, maximum 0.20 per cent 
Evaporation loss, maximum 40 per cent 
FE Oe re Maximum trace. 
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5. Emulsion 


5. Emulsion 


AUTOMOBILE AND TRUCK ENGINES 

A. T. O. No. 1 (Summer) 
Viscosity at 212 deg. fahr., seconds .52 to 60; desired 55 
ok ee ee er ee maximum 35 deg. fahr. 
Boiling-point range, 

Maximum 30 per cent under 300 deg. cent. 
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PROPERTIES OF REPRESENTATI AMERICAN LUBR ATING OILS I's} ‘ ( GS I 
V AC M 
PursicaLt Pro s Fresu S ( ' ISTI ( 
ke l I s< Ss . 
Kind of Oil 5 ; 
Ra D 1) H | | 
i oO ( I ( | l 
{ {)- Fr 4 
Aerial Oil 29.1 125 } 190 0 ) 7 7 )—2 670-5 ; 13.98 0.0240 0.1875 
Amalie Special 31.0 120 12 190 10) 209 “98n { 130 00-2 { 1.71 0.0220 0.3300 
Atlas Aerul Heavy 27.6 160 160 11) 17 QAR 92 Ra 100) 600 2° T RP 17.84 0.0120 0.1081 
Cadillac Detroit Lt 28.2 105 170) 190 “89 SOO er 
Duplex No. 350 30.7 12 135 195 27 194 77 16 4 { 250-2 1 91.49 0 O59R 0.1760 
Havoline 
Light 25.9 370 +8) 130 ; 173 ry 42 10 7 9 62.9 0 550 y R200 
Medium 29.0 ISH ov t 237 80 ti 70-2 0 6 3.7 0.860 0.3400 
eich 29.6 95 $10 155 16 361 111 54 {180-2 00 18 10). 49 ) 1500 ) 2IR00 
Zeta Light 2k O 4 ISO 130 141 ¢ 1 a0 Q 17 , 27) ra 816 
Zeta Medium 24.2 100 110 17 255 Q4 17 160) 20 ‘ >  OT7e 
Zeta Heavy 25.6 £20 $25 4S0) 17' 7 ( ne 01° I.B.P t ( 104 0 339 
“EE” Light. 26.1 370 380 120 ) 0 167 { 130-4 { , { ( R01) 
“A” Medium 21.8 360 260 120 4 20) \7 19 6602 > °1 m7 oe ) &2RI 0 1e@19 
“B” Heavy 96.3 S00 170 <0) 4] 1640 Q7 Qi = , = 2 0.17 : V0) 
Arctic Lt. Med 23.3 $7 ( SO $25 6 22] 74 15 280 100-2 »S 71! 0.3993 0.4759 
Arctic Mediun 70 38 120 g 0) 87 44 ‘ n-1 Oo OK ) 4160 77,77 
“BB” Med. Hvy 25.8 460 10 16 2 43 671 44° 1. BJ Q 0 0°° ry 
Monogram = 
Light 27.6 60 60) 110 ro 140 a0 { 6 9 { 9 O 46 1) 
Medium °6.0 S75 S70 130 2 289 5 an F rT Oo 1 evaya) 
Heavy 28.9 130 145 ( | 10) 108 f { ay I.B.] 7 0 ) VM) 
Ex. Hvy 24.7 665 125 = =e 1583 +7 a =) 0440 
Oilzum ; 
Heavy 29.1 430 140 500 ) 6] ) ) [ ~ 7 7 
Crystal G. E. Oil 17.0 105 19 90 9 LOR 44 nf 17 
Perfection \* 
*A”’ Light 29.1 100 $1 $7( 71 { { 1° 1] 19 72 87 
“B” Medium 24.9 390 100 $50 > 24 Q1 17 14 ) 120 ) ) ( O4 ) 
“C” Heavy 29.3 120 130 195 1 f 103 { 120-9 na 9 2 o> 
Polarine, New Jersey 24.6 395 470 6 921 77 { f B56 48.7 7 
Quaker State Mediun 28.8 140 150 120 2] (1 102 = GO00—6 709-2 ) 1 ‘ ) 
Service Auto Oil 24.3 390 160 195 79 00-2 140-1 2° 0] 11() 
Socony 
Zero 24.3 395 $10 170 |S 0 219 77 16 140-4 50-9 12.8 ) 7 
Polarine Hvy | 25.4 ISO SSO $50 +54 00 103 51 ISO-—2 10 1 4 7 61 ) Q 
Supreme | 
Light 22.3 520 BLS 60 ~ ( ( 137 57 9 { oy ny , 
Mediun 19S 18) 530) sO) S| ( 0) 217 73 13 220) ) r 7 0 41 243 
Heavy 19.4 330 330 370 0@0 242 73 14 60-6 200 12 37 0.4699 Y 
Texaco 2 
Light 21.3 335 340 380 ISL. 205 69 12 = 9 14 f ) 
Medium 20.9 moO | 550 10 |S » ( 301 . 1 — 9 1 1 40 0 1999 1 2163 
Heavy 19.3 355 360 420 10 195 119 7 O-t 150-2 19 12 87 0.0874 0.2097 
Ursa 19.7 390 565 155 S] ( 735 152 8 240-4 2 7 63 (). 27 ( 62 
Valvoline Medium 30.7 385 500) 140) 1) 257 9 I 129 0 9 RQ Qa 0.02 ) 1714 
Veedo! 
Aero No. 1 20.2 455 $50 535 ) 79 91 78 ~ 1 0 ) 0 t 
Aero No. 2 27.1 £54 145 ss S14 2 SO 80-2 { ) 0) 
Aero No. 3 26.3 135 135 ( S 517 ) f 17 I é ¢ : 
Aero No. 4 27.6 $40 £30 34 1 64 ( v . { 2130 
Aero No. 5 24.7 14() £50 20 8 113 135 55 | 470-¢ )§ 326° T BP 2 a9 1151 
Aero No. 6 24.7 160 160 540 27 474 134 8 1Q0—4 50-2 TBP 18 9] IQA 
Zero Light 26.1 300 1 1Q 7 14 0 4 » Hf ) | 7 
Medium 26.3 $05 175 ) 48 1S oH ) 54 . 
Heavy 26.2 $10 +80 17 700-4 6 2 X ) 
Extra Heavy 26.1 4 v1) 14 ; 0 { ; ( 
Waverly 1.0 100 10 160 24 f 69 10) ~ 7 7 ( ) 
White Star Motor O 25.8 S60 70 +] ( i “ 7 ( 0.480 7500 
Wolf's Head 
Light a3 390 145 | { 62 4( 1 2()-¢ 0-2 1 2 70 1309 
Mediun 28.8 1 17( » y 42 { { ‘ 0 yo] ' { 5 7 
Heavy 28.6 " 17 32 334 0 1Ri 75)? 04° TBP ) ( ) 
No. 8 27 Lf | ) g R 0 ¢ 


4. Oxidation..... Insolubles, maximum 0.30 per cent 


eG: ; .....Maximum 52 deg. fahr. 
Evaporation loss, maximum 40 percent 3 


Roiling-point range, 
ecient Maximum trace Maximum 3 per cent under 300 deg. cent. 
A. T. O. No. 2 (Winter) 1. Oxidation ...Insolubles, maximum 0.20 per cent 
Evaporation loss, maximum 30 per cent 

i NOONE: 5 neceweke sor weses dese ee Cae 
Winter, use A. E. O. No. 2 


5. Emulsion 


1. Viscosity at 212 deg. fahr.seconds.45 to 50; desired 48 

i oa sag bis thin 4 Maximum 30 deg. fahr. 
3. Boiling-point range, 

Maximum 30 per cent under 300 deg. cent. AIR-COOLED MOTORCYCLE ENGINES 

4. Oxidation.....Insolubles, maximum 0.30 per cent 

Evaporation loss, maximum 50 per cent 

gE ee a ee Maximum trace 


Winter—One and two-cylinder types, use A. E. O. No. 2 
Four-cylinder types, use A. T. O. No. 1 
Summer—One and two-cylinder types, use K. S. V. O. 
KNIGHT SLEEVE-VALVE OIL Four-cylinder types, use A. E: O. No. 2 
K. S. V. O. (Summer) I. VISCOSITY 
1. Viscosity at 212 deg. fahr.,sec.100 to 120; desired 115 It will be necessary to determine only the viscosity at 
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212 deg. fahr. For the purposes of a more thorough 
investigation the rate of fall of viscosity between low 
and high temperatures, three points may be found: 100, 
150 and 212 deg. fahr. 

Care should be exercised in maintaining the tempera- 
ture of the oil being run at 212 deg. fahr. 

The instrument used will be a standard Saybolt uni- 
versal viscosimeter. 

Limit of error plus or minus one second. 


II. Cotp TEst 


The cold-test box (18 by 18 by 14 in. high) is filled 
about three-quarters full with ice and salt mixture (about 
10 to 1 by volume). Copper cylinders 9 in. high, and hav- 
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Cross SECTION OF 


ing an inside diameter of 2 in., are inserted in this mix- 
ture so that the tops of the cylinders are about level with 
the surface of the ice and salt mixture. Regular 4-oz. 
oil sample bottles and approximately 5-in. immersion, 
cold-test thermometers, having a range of from 20 to 140 
deg. fahr., complete the equipment. The procedure of 
test is as follows: 

A sample bottle is filled about one-third full of oil, and 
a cork, carrying the thermometer, inserted in the neck of 
the bottle so that the bulb of the thermometer is im- 
mersed in the oil. The sample is then placed in one of 
the copper cylinders. _The bottle should not be allowed 
to come in contact with the bottom of the tube, a thin 
section of cork being interposed between the two. The 
temperature of the oil, as shown by the thermometer, is 
carefully observed, and at each drop of 2% deg. fahr. 
the sample is removed and examined. The temperature 
at which the oil just refuses to flow when the bottle is 
held in a horizontal position is taken as the cold test. 

The above method is for oils having a cold test under 
40 deg. fahr. Those having cold tests above this point 
are tested as follows: 

The point at which the oil just refuses to flow is ob- 
tained in exactly the same manner as describéd above, and 
the oil is then chilled 20 deg. fahr. below this point. The 
sample is then removed and placed in water which is 


VACUUM DISTILLATION APPAR: 


kept just 5 deg. warmer than the oil, as shown by the 
thermometer in the bottle. The sample is tested at each 
2% deg. fahr. increase in temperature, and the tem- 
perature at which the oil will flow evenly across the bottle 
when it is held in a horizontal position is called the cold 
test. 

The limit of error is plus or minus 2 deg. fahr. 

Annapolis Pour Test.—The procedure is exactly the 
same as that given above for oils under 40 deg. fahr. cold 
test, except that 5 deg. fahr. is added to the point observed 
as cold test and is reported as pour test. 

The above method is used for all oils except black oils. 
The cold test for black oils is taken at the Annapolis 
Experimental Station as follows: 


Vapor Inlet to 


Condenser... 


Water Outler” 





ATUS SHOWING RECEIVER, STILL AND OTHER 


PARTS 


The oil is chilled by exactly the same procedure as 
above; when the oil just refuses to flow the sample is 
removed, the bottle held horizontally, and the oil stirred 
with the thermometer. The temperature when the oil 
flows freely is recorded as the pour test. 

A. S. T. M. Pour Test.—The method specified by the 
A. 8S. T. M. is exactly the same as that used at the Annap- 
olis Station, except that the sample shall be removed and 
tested for every 5 deg. drop in temperature, instead of 
2'4 deg. fahr., as used at Annapolis. The difference 
between the A. S. T. M. and Annapolis methods is about 
2 deg., and generally the Annapolis method will give the 
higher test. 


Ill. Bortinc-Pornt RANGE (Vacuum DistrLuation) 


The apparatus for making this test consists of a special 
steel still and vapor tower, a special water-cooled con- 
denser and chamber for the distillate receivers. The 
position of these receivers can be adjusted from the out- 
side without alteration of the pressure in the distillation 
system. The distillation system is connected with a 
pump capable of. maintaining a vacuum of 2144 mm. abso- 
lute and having a capacity of 6 cu. ft. per minute. 

The still is charged with 2000 cc. of the oil under 
examination. The standard vacuum, 40 to 50 mm. abso- 
lute, is established throughout the closed system, and 
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OXIDATION OVEN OF MopIFIED WATERS-TYPE 


heat applied to the bottom of the still. For the purpose 
of the specification it will be necessary to carry the distil- 
lation only to the point at which the still temperature 
has reached 300 deg. cent. (572 deg. fahr.). The per- 
centage of distillate up to 300 deg. cent. has been arbi- 
trarily taken as a basis for judging the relative volatility 
of different lubricating oils. However, for the ultimate 
analysis of finished lubricating oils, the distillation may 
be continued up to the point where nine-tenths of the 
total charge will have passed over, the rest being allowed 
to remain in the still, and estimated as residual. 

The fractionation of finished lubricating oils under 
high vacuum is a satisfactory way of determining 
boiling-point limits with the least decomposition. The 
quantity of low-boiling-point fraction varies widely in 
lubricating oils intended for use in different types of 
internal-combustion engines. All engines that operate 
under approximately full load and at high temperatures 
(aviation engines) should contain a minimum quantity 
of low-boiling-point fractions, say 4 per cent distilling 
under 300 deg. cent. The results obtained by actual 
tests in aircraft engines clearly demonstrate this point. 
On the other hand, passing from such conditions of high 
operating temperatures to those of widely varying and 
comparatively low operating temperatures (passenger 
ears and trucks), it is necessary to increase materially 
the quantity of low-boiling-point fractions to prevent 
serious carbonization. There is a limit, however, to the 
addition of low-boiling-point fractions, for the reason 
that too large a quantity will greatly increase the spe- 
cific consumption of the lubricant in service, hence some 
mean value must be fixed upon, a permissible balance 
being struck between carbonization and high consump- 
tion. An analysis of the most successful automobile 
oils now sold shows that not over 30 per cent of the oil 
should distill below 300 deg. cent. in the vacuum distilla- 
tion apparatus described. This volatility is a guarantee 
of a reasonably low specific consumption, good lubrication 


and minimum carbonization within the explosion cham- 
bers. 


OxIDATION TEST 


The apparatus for making the oxidation test consists 
of a cubical box constructed of heat-insulating material. 
Through the vertical axis of this box passes a shaft, at 
the center of which is attached a disk of about 11 in. 
diameter. This disk and shaft are rotated at a speed of 
25 r.p.m. The containers for oil samples are steel cups 
cut from the solid, 50 mm. inside diameter, plus or minus 
0.04 mm.; and 50 mm. high, plus or minus 0.4 mm. The 
cup wall is 1 mm. thick. The oven is electrically heated 
by resistance coils, and the temperature is maintained 
constant and regulated by a thermostat. Air circulation 
is provided through holes in the bottom of the sides of 
the oven and through the top. The determinations made 
in this oven are: 

1. Evaporation loss. 

2. Petroleum ether insolubles. 

3. “Varnish.” 

Fifty grams of the oil are weighed into the cups, and 
these are placed at equal distances at the outer edge of 
the rotary disk. The temperature is brought to 225 deg. 
cent., and the test is continued at this uniform temper- 
ature for twelve hours, in two periods of six hours. The 
samples are then removed and allowed to cool, weighed, 
and the loss in weight (per cent) recorded as evaporation 
loss. The contents of the cups are then washed through 
a Gooch crucible with standardized petroleum ether (see 
below) until the filtrate is colorless. From the crucibles 
on which remain the insoluble residue the petroleum ether 
is allowed to evaporate, after which they are introduced 
into a Freas oven and thoroughly dried at a temperature 
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‘Wire Coil '10*21, 193 Alloy(Oriver-Harris) 3 Coils -30 Ft. each 
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of 105 deg. cent. The weight of the residue is then 
determined and the percentage recorded as petroleum 
ether insolubles. 

When the metal cups have been thoroughly washed 
with petroleum ether there still remains a varnishlike 
residue, which clings to the upper wal!s. The weight of 
this substance is determined and recorded as ‘‘varnish.”’ 

The real significance of “varnish” values has not been 
clearly established up to the present. Poorly refined oils, 
however, also those from some mid-continent and from 
California crudes, usually show high “varnish” values. 





RECEIVER FOR DISTILLATION APPARATUS 


The maximum variation of checked results on evapora- 
tion loss and petroleum ether insolubles should not exceed 
2 per cent. 

It has been found that the evaporation loss of an oil 
does not always coincide with its boiling-point range; 
therefore, it seems permissible to conclude that the evap- 
oration loss is a measure of the decomposition of an oil, 
as well as of its volatility. In judging oils it is im- 
portant to observe carefully the relation between the 
boiling-point range and the evaporation loss. For exam- 
ple, an oil may have a high boiling-point range, and yet, 
owing to its instability, may readily decompose when 
exposed to heat, and thus show a high evaporation loss. 

The petroleum ether insolubles indicate, on the one 
hand, the solid carbonaceous matter formed in an oil, 
which splits up, when exposed to heat, into light volatile 
ends and solid products. On the other hand, these insolu- 





bles may indicate the precipitation of colloidal carbon or 
other products in improperly refined oils. Values of pe- 
troleum ether insolubles may be entirely independent of 
those of boiling-point range or evaporation loss. 


Standardized Petroleum Ether 


For the determinations of petroleum ether insolubles 
it is imperative that a standardized petroleum ether be 
employed, such as the following: 

Petroleum ether should be made from steam-stilled 
Prime City naphtha from Pennsylvania crude, which has 
the following properties: 

Gravity, deg. Baumé, 72 to 76. 

Initial boiling point, deg. fahr., 110 to 122. 

Final boiling point, deg. fahr., not over 270. 

Petroleum ether should conform to the following specifi- 
cations: 

Gravity, deg. Baumé, 77 to 80 (the matter of gravity 
is unimportant). 

Initial boiling point, deg. fahr., 110 to 120. 

Final boiling point, deg. fahr., 220 to 245. 

Unsaturated content not over 4 per cent by absorption 
in sulphuric acid (Bureau of Mines method). 

The Saybolt distillation method applies to both of the 
above boiling point ranges. 


V. Emutsion Tests 


In making emulsion tests the simple apparatus de- 
scribed below gives excellent check results. 

The apparatus consists of a Coles milk shaker slightly 
altered to receive two 4-oz. oil sample bottles. The shaker 
is operated at a speed of 600 r.p.m., and has a 2-in. stroke. 

About 11% in. of oil and an equal quantity of distilled 
water is poured into the bottles, which are then corked 
and placed in the machine. These are shaken for half an 
hour, after which they are removed and allowed to stand 
at room temperature for 24 hours. The amount of un- 
separated oil is then determined and recorded as emul- 
sion. 

The above method applies only to oils having a viscosity 
not exceeding 50 sec. at 212 deg. fahr. When the vis- 
cosity exceeds this figure the oil should be blended with 
50 per cent of standardized petroleum ether before shak- 
ing. 

For the purpose of the specification the emulsion value 
of an oil can be considered as a quantitative test for 
“sulpho” compounds. 


AUTHOR'S CONCLUSION 


These investigations were suggested by H. L. Horning, 
chairman of the Automotive Products Section, War Indus- 
tries Board, Council of National Defense, who requested 
the author to make a thorough study of hydrocarbon 
lubricants for aircraft engines in the search for the best 
oil. The specifications as drawn above represent the re- 
sults of these studies, which were begun in June, 1917, 
and terminated early last December. 

In securing the data on which these specifications are 
based valuable assistance was received from a number 
of sources. The Tidewater Oil Company, Bayonne, N. J., 
permitted the author the use of its extensive laboratories 
for a number of months with the full collaboration of 
S. E. Campbell, chief chemist. 

Credit should also be given Dr. ‘C. E. Waters of the 
Bureau of Standards for information furnished regard- 
ing his oxidation oven and tests. Dr. E. W. Dean of the 
Bureau of Mines made valuable suggestions relative to 
the distillation of hydrocarbons under high vacuum. 
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Principles of Tractor Engine Cooling 


By Artuur B. Moptne* (Member of the Society) 
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Illustrated with CHARTS 





HERE are many factors, other than radiator size, 

involved in tractor engine cooling. The principal 

variables pertain to radiator type, radiator core 
thickness or degree of cooling capacity, rate of water 
circulation, size, type and speed of fans, and the economy 
characteristics of the engine to be cooled. I do not con- 
sider it practical to evolve a formula covering all the 
branches of gas engine operation, but believing the time 
opportune for a certain degree of standardization of the 
variables referred to, I shall go into some of the essen- 
tials of cooling involved in our particular branch of 
the automotive industry, and, in conclusion, will give a 
formula for radiator sizes and recommendations for 
water circulation, air velocity and fan details. 

Gas engine-cooling involves a diversity of elements in 
engine design, all affecting the economy of the engine, 
and ultimately, for our purpose, that proportion of heat 
input showing up as jacket loss. 

Equation I is our introductory and basic formula, in 
which : 
Heat to radiator Heat input Heat equivalent of 
horsepower developed — Exhaust loss — Engine radia- 
tion and convection losses. (1) 

All the factors of this equation for any given engine 
are computable, but for general use certain assumptions 
are required together with the introduction of a vari- 
able factor. 

Equation II is based on observed average perform- 
ances. 

Heat to radiator = 0.40 heat input * F. (II) 
where F is a variable with a value of 1.0 in the case of 
L-head engines ranging from 25 to 50 hp. and 0.8 in the 
case of valve-in-head engines of the same power range. 
Individual peculiarities of jacket design, piston speed, 
compression, proportion of engine radiation and convec- 
tion loss and valve design, would all, of course, further 
affect the value of the variable, but I believe that the 
formula, as suggested, will be found sufficiently accurate 
for our purpose. 

Taking average tractor engine economy as 0.75 lb. of 
gasoline per hp. per hr., and a heat value per pound of 
gasoline as 20,000 B.t.u., we find that Equation II, ap- 
plied to the L-head type engine, becomes 
Heat to radiator per min. per hp. 

0.40 * 0.75 & 20,000 * 1 
100 B.t.u. 
60 (IIT) 
So, if we are to cool a 30-hp. L-head engine under full 
load, it is necessary to provide cooling capacity equiva- 
lent to 30 « 100 3000 B.t.u. per min. 

It is interesting to note how this quantity of heat 
would manifest itself were no means available to dissi- 
pate it other than the evaporation of water. The 3000 
B.t.u. per min. would evaporate about 3 lb. of water 
per min., 180 lb. per hr., or about 21% gal. per hr. 
Double this to 43 gal. per hr. for, say, a 60-hp. load, and 
we get an idea of the difficulties that confronted the 
pioneers in the tractor industry in getting a sufficient 
supply of tank capacity. Aside from other considera- 


fg. Company 


tions, it is manifestly impractical to carry around a great 
bulk of water such as would be required; to meet these 
conditions, it has been found necessary to transfer this 
waste heat to the surrounding atmosphere through the 
medium of the conventional radiator and cooling system 
shown in Fig. 1. 





En gd in eS 


Kia. 1—CONVENTIONAL RADIATOR AND COOLING SYSTEM 

This comprises a radiator, generally a circulating 
pump, and a fan, the radiator consisting, for the purpose 
of our discussion, of a multiplieity of tubes conveying 
the water to be cooled and spaces around these tubes 
for the passage of air. Referring to Fig. 1 let us con- 
sider the factors involved in the transfer of heat from 
the engine, through the radiator and into the atmos- 
phere. The water from the engine is delivered to the 
radiator at a temperature T, and must be cooled to a 
lower temperature 7,. The heat then taken from the 
engine or from the water will be in terms of the weight 
of water circulated (W,,) times the temperature drop 
(T, — T.,) effected upon it by its passage through the 
radiator and may be expressed as W,,(T,—T,). It is 
evident the heat removed from the water must (under 
normal operating conditions) equal the heat imparted to 
the air, and will be measured in terms of the weight of 
air circulated (W,) times the temperature rise (7, — T,) 
effected upon it by its passage through the radiator, or 
W.(T,—T.). 

From this balance we get Equation IV. 

W.(T,—T,) = W.(T,—T,) (IV) 
which, expressed in foot-pound-second units, becomes in 
equation V: 

W.(T, — T,) = Va X 0.071 & 0.2875(T, — T,) 
= 0.01685V,(T, — T,) (V) 
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in which W, is weight of water in lb.; V, is volume of 
air in cu. ft.; 0.071 is the weight of 1 cu. ft. of air at 
100 deg. fahr.; 0.2375 is the specific heat value of air. 
Equating this last relation with Equation III we get 
Heat to radiator per min. per hp. = 100 B.t.u. 
= W.(T,—T.) = 0.01685V.(T, -T,). (¢VI) 
from which we derive 
100 


W. (or lb. water) per min. per hp. T —T. (VI) 
V, (or cu. ft. air) per min. per hp. = 
100 6000 
0.01685(T,—T,) 7T,—T (VIII) 

and from Equation VIII, inasmuch as the volume of air 
is a function of its velocity and area, we get 
Square feet frontal area) _ 6000 

of radiator per hp. } a v (T, T.) (1X) 
in which v is the air velocity in feet per minute. 
These values are all dependent upon the value of the 
factor F in Equation II. This factor has been omitted to 
avoid the use of too many symbols, but in view of its 
value of 1 for L-head types, the formulas will apply di- 
rectly as they are to this type while for the valve-in-head 
classification they are to be multiplied by the factor F 
with value 0.8, as designated. 

From’ an analysis of Equation IX we see that our 
problem of cooling or of radiator size has resolved itself 
into two factors: the temperature rise effected upon the 
air, and the velocity of the air. I have made the first 
item (temperature rise) the object of considerable re- 
search work, which is considered well repaid by the satis- 
faction that it will result in the conservation, during 
this year, of several million pounds of copper that would 
otherwise have entered into the construction of radi- 
ators. The subject is most important to our discussion, 
but involves such a mass of detail that I will deal with 
it only briefly in its relation (1) to water delivery and 
(2) to air velocity. We have a physical law, that the 
amount of heat given off from a source is proportional 
to the difference in temperature between the radiating 
body and the air, and other authority states that the loss 
of heat by convection is nearly proportional to the dif- 
ference in temperature between the hot body and the 
air. This being true, we are concerned in maintaining 
the surfaces in a radiator at as high an average tempera- 
ture as is practical, and this, of course, in our case is 
directly a function of the rate of water circulation. It 
becomes a matter then of choosing a standard for circu- 
lation that will give practical pump sizes and still main- 
tain a reasonably small temperature drop through the 
radiator. With this in view, I propose as a standard that 
rate of circulation which will give a temperature drop 
to the water circulated through the radiator of not more 
than 15 deg. fahr. From Equation VII then, we get 





ee a 6.67 
— 
Gallons water circulated per min. per hp.=0.8 (XI) 
This would give a circulation per minute of 16 gal. 
for a 20-hp. engine, 24 gal. for 30 hp., etc. 


Effect of Circulation 


Fig. 2 will serve to illustrate the effect rate of circu- 
lation has on cooling capacity. In the first radiator wa- 
ter enters at a temperature of 200 deg. and is circulated 
at the rate of 200 lb. (about 24 gal.) a minute, leaving 
the radiator at 180 deg. The heat given up amounts to 
4000 B.t.u. per min., and the average temperature of the 
radiator surfaces is 190 deg. 


Pounds water circulated per min. per hp. = 
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In the second case conditions are the same except the 
circulation, which is only 100 lb. per min., requiring a 
40 deg. drop to get rid of the same amount of heat as in 
the first case. The fan is not drawing any more air, con- 
sequently, in order to absorb the same amount of heat 
as in the first case, the average temperature of the sur- 
faces must be maintained at 190 deg., which requires an 
entering water temperature of 210 deg. and leaving ot 
170 deg.—or all the difference, with the same radiator, 
between satisfactory cooling on the one hand and boil- 
ing on the other. 

The relation of temperature rise of the air to velocity 
of the air over the heated surfaces will have to be 
treated briefly with the statement that, as we get up 
into the velocities practical for our purpose, the heat 
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‘IG. 2—EFFECT OF RATE OF CIRCULATION ON COOLING CAPACITY 


Air Velocity 


taken up by convection increases nearly directly in pro- 
portion to the velocity. This is illustrated by the tem- 
perature rise curve, Fig. 3, which is typical of the tem- 
perature rise characteristics of almost any type of ra- 
diator, as well as the thickness of radiator core. The 
only limit that we are bound by in air velocities is the 
power available to effect the velocity, but with this in 
view as well as further remarks to follow, I would pro- 
pose a standardized air velocity referred to gross radi- 
ator core area of 2000 ft. per min. This velocity is prac- 
tical with most of the radiator types on the market and, 
as applied, will meet nearly all requirements up to 50 hp. 
in space available for radiator mounting. The matter of 
a definite value for the factor (T, — T,) concerns the 
characteristics of design of each type of radiator core 
and its thickness, but most of them intelligently offered 
for tractor work will be able to meet the requirements of 
a 30 deg. rise with initial, or operating temperature of 
100 deg., air velocity of 2000 ft. per min., maximum 
water temperature of 200 deg. and water circulation as 
suggested. I say “intelligently” as regards experience 
with the limitations of space available for radiator 
mounting. These assumptions meeting approval, Equa- 
tion IX comes to 

Sq. ft. radiator required per hp. = 


6000 
30 « 2000 1 = 0.1 for L-head engines. 
Sq. ft. radiator required per hp. = 
6000 


30 S< 2000 S 0.8 = 0.08 for valve-in-head engines. 
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- From some fifty cases I have tabulated data as to rated 
4 we x No. cyls., in 
which F has a value of 12,000 for valve-in-head and 13,- 
000 for L-head types), actual radiator size, fan size, and 
fan speed in each instance. These cases I have divided 
into groups of varying horsepowers and averaged the 
data in each group. In applying the suggested formula 
for radiator size, I find that it would check well in the 
20-hp. group if in a few of the cases the 18-in. fans were 
run at a higher speed than 1450 r.p.m. In the 30-hp. 
division L-head type the actual radiator size is about 
12 per cent larger than that proposed by the formula, 
but the average fan of 19 in. diameter was driven at 
only an average speed of 1600 r.p.m. In the 30-hp. valve- 
in-head class the formula radiator size is about 3 per 
cent larger than actual sizes with average fan size 18.66 
in. and average fan speed 1866 r.p.m. 

In the 35-hp. L-head class the formula radiator-size 
is about 3 per cent larger than the actual size. Average 
fan size is 19.3 in. and average fan speed 1666 r.p.m. 
Some of the cases in this division, I know, are not cooling 
properly, and the division as a whole could: well afford 
to use larger fan diameters. In the 40-hp. class the 
formula radiator-size checked with the actual size. One 
50-hp. case, a well known tractor, gives formula radiator- 
size about 13 per cent larger than actual size. This 
tractor is considerably overpowered, but its cooling per- 
formance under average conditions is entirely satisfac- 
tory. I know, and its makers know, however, that a 
heavy full load boiling will occur, and they agree with 
me that the 13 per cent additional, as recommended, is 
justified. 

One 64-hp. valve-in-head engine tested a short time 
ago has actual radiator size about 4 per cent greater than 


horsepower (using the formula 
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Fic. 3—Upper DIAGRAM SHOWS RELATION OF TEMPERATURE RISE O! 
AIR TO VELOCITY OF THE AIR. LOWER DIAGRAM SHOWS CHARACTER 
ISTIC CURVES OF A TYPICAL 20-INCH FAN AT VARYING R.P.M 
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formula size, but the cooling capacity was found to be 
at least that amount in excess of requirements. As we 
get up into higher horsepowers, the space available to 
mount the radiator in becomes more and more an im- 
portant factor, so thai air velocities and fan speeds must 
be increased at the expense of added power for fan drive. 
This introduces an added variable in our formula and 
consequently the radiator size formula is not recom- 
mended for use above 50 hp. The basic equations may, 
however, be adapted to larger outputs. 


HORSEPOWER 





0 : 
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Ky j HorSEPOWER TO DRAW AIR AT 7000 C Fr, PER MIN 
THROUGH RADIATOR 


By the foregoing it will be seen that the problem of 
cooling is fundamentally one of how much air can be 
economically delivered through the radiator, and to what 
degree it can -be economically heated. Granted efficient 
fans to choose from, it would seem that the first con- 
sideration should be the amount of power that we woulda 
be justified in using to effect the delivery. This available 
power could conveniently be expressed in terms of engine 
horsepower. 

Fig. 3 shows air deliveries effected by a typical 20-in. 
fan at varying fan speeds, corresponding air velocities 
and power consumptions, the characteristics of each 
of which are typical of fans such as offered to the 
trade. It will be noted that the volume of air that can 
be handled and its corresponding velocity increase well 
in proportion as the speed increases, but it is evident 
from the power consumption curve that a certain point 
is reached in fan speed beyond which the power con- 
sumption mounts upward with astounding rapidity. 

If it were not for this, we could deliver so much air 
through the radiator that there would not be much left 
for the radiator manufacturer to the radiator 
curve indicates, but in this event, of course, the 
purpose of the tractor engine would be subverted to 
pulling wind instead of plows. On the other hand, the 
fan speed could be so low that the radiator cost would 
be abnormally high, and so our problem becomes also 
one of where to content ourselves along the power con 
sumption line. 

Consider for the moment a 35-hp. L-head engine; we 
find, from Equation VIII and using our standards, that 
volume of air for cooling required per minute is equal to 

6000 


35 ™ a0 7000 cu. ft. 
vw 


do, as 
cost 


From volume curve in Fig. 3, 


we would require a 20-in. fan to be driven at 1775 r.p.m. 
to effect this delivery. The power required would be 
about 1.5 hp. and the resulting velocity very nearly checks 
with our suggested standard of 2000 ft. per min. giving 
a radiator size of 35 0.1, or 3.5 sq. ft. The power 


Vol. Ll 





TRACTOR ENGINE COOLING 


for fan drive, in this case, amounts to about 4!» per cent 
of the engine power, a figure typical of prevailing prac- 
tice. 


Fan Power Requirements 


Suppose, however, we had chosen a 22 in. fan in place 
of the 20-in. fan. From Fig. 4, showing power consump- 
tion of different size fans, each delivering about 7000 
cu. ft. of air per min. through a radiator, we find that 
whereas it requires 1.5 hp. to deliver 7000 cu. ft. of air 
with a 20-in. fan at 1775 r.p.m., it would require only 
about 1 hp. for a 22-in. fan to deliver the same volume 
at 1400 r.p.m. If the fan and the radiator were prop- 
erly incorporated in the tractor design from the begin- 
ning instead of being thrown on somehow or other at 
the last minute, 0.5 hp. or 0.375 lb. of fuel could be saved 
for each hour of engine operation. If the tractor is 
operated 1000 hr. per year., the saving with fuel at 20 
cents per gal. would amount to $12.00 per year; assum- 
ing that this saving could be applied to only 100,000 
tractors, it is certainly worth conserving. 

In my recommendations below for fan sizes, therefore, 
I have in mind larger fans and slower speeds than those 
in present average practice and propose that power con- 
sumption for air deliveries should not be more than 3 
per cent of formula rated engine power. Although this 
is a subject that could be dealt with more intelligently 
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by the fan manufacturer, I believe that the following 
table showing recommended fan sizes and fan speeds 


will about meet the suggested power limitation require- 
ments: 


Engine Air 


Fan Fan 
Hp. Fan Hp. Cu. Ft. per Min Diam.,, In r.p.m, 
20) 0.60 4,000 18 ( Narrow blade) 1,600 
25 0.75 5,000 18 1,600 
30 0.90 6,000 20 1,500 
35 1.05 7,000 22 1,400 
40 1.20 8,000 24 1,400 
50 1.50 10,000 26 1,400 


In making this plea for larger fan sizes and slower 
speeds, I have in mind not only economy of operation, 
but also alleviation of a number of annoyances such as 
lubrication, bearing troubles, belt slippage and break- 
ages—all too familiar, and all incident to high fan speeds 
and overloading. 

While I have touched on the fan question only lightly, 
it is one that, as applied particularly to the tractor in- 
dustry, should be well worth the attention and study of 
our fan manufacturers and I hope that the leaders will 
be far sighted enough, in uncovering their trade data, 
to give us full and open information on the subject. 

In conclusion, if I have been able to demonstrate that 
cooling troubles are not always the fault of the radi- 
ator, and if I have convinced the members of the desira- 
bility of adopting some degree of standardization of the 
essentials of cooling, I shall feel satisfied. 


Effects of Low Temperatures on Starting 


By O. W. A. Oetrtinc* (Member of the Society) 
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HE starting troubles encountered because of cold 

weather conditions are most exasperating to the 

car user, but in the majority of cases are avoid- 
able if all the effects of low temperatures have been an- 
ticipated by the automobile designer. The proper appli- 
cation of the electric starter and storage battery for use 
on passenger cars, auto trucks and tractors presents 
problems to the engineer which, if properly solved, will 
prevent some of the troubles which frequently have oc- 
curred in the past. 

No apparatus is required to operate under such a 
variety of conditions as the automobile engine and its 
accessories. The range of temperature from the heat of 
summer to the freezing cold of winter is one of the con- 
ditions that must be appreciated in making the proper 
application of the storage battery for this service. Stor- 
age batteries that will operate satisfactorily under these 
extreme conditionS can be made, but engineers must 
take into consideration certain existing facts. In cold 
weather, the capacity and the voltage of a battery are 
less than at normal temperatures. Likewise, it is much 
more difficult to start an engine because of the effects of 
these cold temperatures on the lubrication and also on 
the carburization of the fuel. In addition to these facts, 
we find that the efficiencies of the electric starting motors 
are considerably lower at the low cranking speeds en- 
countered under these cold weather conditions. The 
factor that must be used in determining the size of the 


*Kngineer, Willard Storage Battery Company 


storage battery is the power required to start the engine 
under these cold weather conditions. 

Considerable data on cold weather starting have been 
secured. It is the purpose of this paper, first, to give a 
short résumé of these tests and, second, to summarize 
these results so as to predict, if possible, the size of 
storage battery that is required for starting any engine, 
giving the approximate ampere-hour battery capacity in 
terms of the piston displacement of the engine. 


BATTERY SIZES 


Heretofore, not enough attention has been given to the 
size of storage battery required on a car and almost in- 
variably a smaller size of battery has been used when a 
larger battery would have given better service. This 
haphazard application of the battery shows great incon- 
sistencies when a plot is made of the battery sizes against 
the engine displacements, as shown in Fig. 1. The 
data for this plot are taken from a list of all the 
1917 passenger cars and are no doubt representative of 
present-day practice. It can be seen that the 80 ampere- 
hour battery is used on cars having piston displacements 
from 95 to 425 cu. in. On the other hand, the 100 am- 
pere-hour battery is used on cars with displacements 
ranging from 170 to 425 cu. in. Undoubtedly, cars with 
piston displacements over 200 cu. in. should be equipped 
with a larger battery than 80 ampere-hours and those 
with displacements greater than 250 cu. in. should have 
a battery larger than 100 ampere-hours. The foregoing 
plot is true of course, only if the gear ratios between the 
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BATTERY CAPACITY AMPERE-HOURS 





Fic. 1—COMPARISON OF SIZE OF STORAGE BATTERY WITH ENGINE 


DISPLACEMENT ON 1917 PASSENGER CARS 
starter and engine are the same. On present-day makes 
of cars this is practically so, inasmuch as the majority of 
the cars are equipped with the single-gear reduction with 
ratios approximately equal to 10 to 1. 

With the purpose in mind of securing some factor that 
will determine definitely the size of battery required for 
every size of car, engines were tested with their starting 
motors and batteries in a large refrigerator to find the ac- 
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tual power required to turn over the engine at various 
temperatures. The exact minimum of temperature at 
which the engine should start promptly is of course de- 
batable. 

AVERAGE Low TEMPERATURES 


Fig. 2 shows a chart which was compiled from data on 
temperatures obtained by the U. S. Weather Bureau. The 
figures within the cireles are averages of the temperatures 
during the three winter months observed for a long series 
of years at various stations throughout the United States. 
The small figures beside the circles give the absolute 
minimum temperatures at the same localities during this 
period of time. It will be noted that only three states 
have an average temperature lower than 10 deg. fahr. 
If then we take 10 deg. fahr. as a cold weather standard 
and design the engine and all the automobile accessories 
to operate properly at this temperature, little trouble 
should be experienced during the winter months and sat- 
isfactory service from the apparatus will be assured. 

One of the effects of low temperature on a storage bat- 
tery is to lower the terminal voltage, especially at the high 
rates of discharge that are required by the starting 
motor. Fig. 3 shows the “five-second” voltage curves of 
a 100 ampere-hour battery at 80 deg. fahr. and at 10 deg. 
fahr. 

By the term “five-second voltage” is meant the voltage 
that a battery will give at the end of five seconds at a cer- 
tain discharge rate of current. In other words, the bat- 
tery represented by Fig. 3 will have a voltage of 4.82 
after five seconds discharge at 400 amperes at a tempera- 
ture of 80 deg. fahr. It will be seen from this curve that 
this battery would not be suitable for an engine with a 
starter requiring 300 amperes at 4.5 volts when the tem- 
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Fic. 3—-COMPARISON OF VOLTAGE CHARACTERISTICS OF 100 AMPERB- 


Hour STORAGE BATTERY AT 80 DEG. AND 10 Dec. FAHR. 


perature was 10 deg. fahr. or lower. Curves such as these 
should be used in all starting motor designs. 

Fig. 4 is a picture of a refrigerating machine and cool- 
ing chamber used for testing an automobile engine with 
its starter and battery at low temperatures. This re- 
frigerator can be cooled to a temperature as low as 30 
deg. The engine to be tested is placed within the box 
and wires are brought out from the battery and starter 
to read the electrical input required to start the engine 
at low temperatures. A thermometer and some anti-freeze 
solution are placed in the cooling chamber of the engine 
and the temperatures can be observed from the outside of 
the box by means of a small observation door in the main 
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door of the box. The revolutions of the engine are obtained 
by means of an electrical contactor, which rings a bell 
outside of the refrigerator. After the starting data 
are obtained at the normal room temperature, the box is 
slowly cooled to any desired temperature and the starting 
characteristics of the engine at this temperature are then 
observed. 


Test Results 


Table I gives the results of a test on a four-cylin- 
der engine having a piston displacement of 171 cu. in. 
The values in this table give the power that is required 
to break away the engine and then roll it at a certain 
speed and temperature. These results are plotted in Fig. 
5, the curves showing the average power used for the 


TABLE I—POWER REQUIRED TO BREAK AND ROLL 4-CYL. ENGINE 


Motor Volts Amperes Watts 
C—O 77 _ Speed, Temp., 
Break Roll Break Roll Break Roll R.P.M. ew A 

4.75 4.0 200 175 950 700 61 60 

5.20 5.0 260 175 1350 875 130 60 

5.90 5.75 210 180 1240 1035 162 60 

4.15 3.60 245 275 1020 990 42.5 30 

4.60 4.25 280 270 1285 1150 57 30 

4.70 4.25 260 280 1220 1190 65.5 30 

4.50 4.25 275 285 1240 1210 66.5 30 

5.60 5.10 260 265 1510 1350 83.5 30 

3.90 3.4 310 280 1210 950 24.5 10 

3.70 4.2 290 310 1075 1300 31.5 10 

3.90 4.2 315 300 1230 1260 33 10 

5.80 4.5 335 330 1950 1485 43 10 

6.10 5.5 380 390 2320 2140 71.5 10 





Figures in columns headed “Break” are the instantaneous read- 
ings taken the moment the circuit closed. 


Figures in columns headed “Roll” are the average readings taken 
while the engine was rolling. 
break-away and roll of the engine at various engine 
speeds and temperatures. The engine in this test had one 
cylinder which required about 50 amperes more than any 
one of the other- three cylinders during the roll of the 
crankshaft. This, however, is the service that is demand- 
ed of a new storage battery on a car, as the engines often 
are not “run in” sufficiently before shipment is made 
by the car manufacturer. A 90 ampere-hour battery at a 
temperature of 10 deg. fahr. turned over this engine at a 
temperature of 8 deg. fahr. at 30 r.p.m. 
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Fig. 5—POWER REQUIRED AT VARIOUS TEMPERATURES BY STARTING 
MoToR ON A 4-CYLINDER ENGINE OF 171 Cu. IN. DISPLACEMENT 


A considerable variation in the power demand from the 
storage battery is caused by poor design and application 
of the starting motor. Fig. 6 shows curves of power used 
by four different types of starters on a six-cylinder 
engine. The light weight starter D requires about 1 kw. of 
power more than the starter A, in which the proportions 
of the various parts were more liberal. These curves. 
indicate that the tendency to a lighter and cheaper starter 
will necessitate the use of a larger storage battery. The 
automobile engineer must therefore decide where a com- 
promise between the battery and starter will give the best 
economy and service. In the case of the engine in ques- 
tion, starter B was used. At 30 deg. fahr. this starter 
with a 120 ampere-hour battery rolled the engine at a 
speed of 30 r.p.m. 
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Fig. 6—POWER REQUIRED AT 10 Dec. FAHR. BY DIFFERENT TYPES 0! 
STARTERS ON A 6-CYLINDER ENGINE OF 268 Cu. IN. DISPLACEMENT 
In Fig. 7 corresponding curves are shown on an 8- 
cylinder engine having a displacement of 332 cu. in. This 
engine was made by a well known engine manufacturer 
and the fittings of all the parts were well made. The 
results on this test were therefore lower in proportion to 
the size of this engine as compared with some of the other 
engines tested at these cold temperatures. 
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Fig. 7—POWER REQUIRED AT VARIOUS TEMPERATURES BY STARTING 
MOTOR ON AN 8-CYLINDER ENGINE OF 332 Cu. IN. DISPLACEMENT 


A bad feature in the design of bearings was brought 
out in one of the cold temperature tests during these in- 
vestigations. The bearing caps on one of the engines 
tested were made of aluminum, and at the low tempera- 
ture these bearings were found to be shrunk tight on the 
shaft, due to the difference in the coefficients of expansion 
of the two metals. During the test, it was observed that 
this engine required an unusually large amount of power 
to start it. The pistons, connecting-rods and camshaft 
drive were therefore removed; the power required to turn 
the crankshaft and flywheel was found to be considerable. 
Fig. 8 shows that the power required for this latter con- 


dition was about one-third of the total power required to 
break-away and turn the engine without the pistons re- 
moved. At 6 deg. fahr. with the pistons removed and 2.8 
kw. supplied to the starter it was impossible to pry the 
engine loose with a 10-in. lever in the teeth of the fly- 
wheel. The results of this test gave values that were 
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Fig. 8—COMPARISON OF POWER REQUIRED TO TURN A 6-CYLINDER 
ENGINE OF 303 Cu. IN. DISPLACEMENT BEFORE AND AFTER REMOVING 
PISTONS AND CONNECTING-Rops 
about 100 per cent higher than the average of all the en- 
gines tested under these cold weather conditions. 


SUMMARY OF TESTS 


Other engines in addition to those mentioned in the 
foregoing were tested and all the results were averaged so 
as to determine, if possible, the power required to start 
any size of engine. It was found that it is hardly possible 
to lay down a hard-and-fast rule for this purpose, but a 
close approximation is possible. Average results on the 
engines tested differed for various reasons, such as vari- 
ation in compression, difference in viscosity of the lubri- 
cating oils at low temperatures, variation in refinement in 
the fittings of the engine, and difference in design of the 
starting motors. 

Fig. 9 and Fig. 10 give a summary of the power re- 
quired to start the various sizes of engines at normal 
temperatures and 10 deg. fahr. respectively. These 
curves are plotted with the axes of motor input against 
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EFFEC "TS 


the piston displacement of the engine. It would have been 
more logical perhaps to have plotted the power used 
against the area of the rubbing surface of the piston 
walls, but this relation did not average the points any bet- 
ter than the one shown in the curve. For convenience, 
then, the coordinates used in the curves were chosen. 
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Fic. 10—APPROXIMATE POWER REQUIRED TO BREAK-AWAY AND TURN 


OVER VARIOUS SIZES OF ENGINES AT 10 Dec. FAHR. 


Having ascertained now the power that is required to 
start the engine, but one more step is necessary to de- 
termine the approximate size of storage battery that is 
needed for this service. Fig. 11 and Fig. 12 show the 
“five-second voltage” curves of various sizes of batteries 
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DISCHARGE AT SO Dec. FARR. 


at 80 deg. fahr. and 10 deg. fahr. respectively. The power 
that is available for five seconds from any of these bat- 
teries is the product of the volts and the amperes at any 
of the intersections of these coordinates. The dotted 
lines on these curves represent the power that can be ob- 
tained from any of these batteries for a period of five 
seconds. From these curves it is possible to determine 
the amount of power that a given size of battery will de- 
liver when discharged at a certain rate of current or else 
discharged at some predetermined terminal -voltage. 
From these curves and the results of the engine tests 
it is possible to estimate the cranking speed c* any size 
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Fic. 12—VoLTAGE OF VARIOUS SIZES OF BATTERIES AFTER 5 SECONDS’ 
DISCHARGE AT 10 Dec. FAnR. 

of engine with a given battery at a temperature of 10 

deg. fahr. when it is equipped with a 6-volt starter with 

a gear ratio approximately equal to 10 to 1. This has 

been done in the curves of Fig. 13, which show the aver- 

age results of the engine speeds at 10 deg. fahr. with the 
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size of storage battery plotted against the size of the 
engine. Table II gives the minimum size of battery that 
is satisfactory for use on a 6-volt starting system when 


TABLE IJI—MINIMUM BATTERY SIZES FOR STARTING SYSTEMS 


Engine Size Battery Size 
Cu. In. Displacement Ampere-Hours 
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For 6-volt systems with gear ratio approximately equal to 18 to 1. 

For starting systems of higher voltage or gear ratios greater than 
10 to 1, the battery.size can be reduced proportionally. 
the gear ratio is approximately equal to 10 to 1. The 
basis for these data is the power that is required by the 
starter at 10 deg. fahr. as shown in Fig. 10 and also that 
power which is available at this temperature from the 
battery when the rate of discharge is about four times 
its twenty-minute rate. No allowance was made for the 
drop in the leads or starting switch between the starter 
and the storage battery. This drop varies in the differ- 
ent applications from 0.2 to 0.5 volts and should be made 








Vol. I 


February, 1918 No. 


a) 





156 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


as: small as possible, so as to utilize the maximum power 
that is available from the battery. 

The values given in Table II have been indicated in 
Fig. 13 by the dotted lines. It will be noted that the bat- 
tery sizes given in the table lie between the cranking 
speeds of 20 and 50 r.p.m. at 10 deg. There are diverse 
opinions in regard to the minimum speed for successful 
starting, a condition which necessarily depends not only 
on the electrical system but also on the ignition, lubrica- 
tion and carburization of the fuel. The battery capacities 
recommended in Table II are the minimum sizes that 
will give satisfactory starting service at 10 deg. fahr. in 
accordance with the average results of all these low 
temperature investigations. Some engines may be found 
that will require larger batteries than these sizes and in 
such cases greater capacities should undoubtedly be used. 

One of the features that was brought out very forcibly 
in these cold temperature tests was the effect of the cold 
on the viscosity of the lubricating oils. As the tempera- 
ture decreases, the viscosity increases and causes a much 
greater resistance to turning. One certain grade of oil 
became a solid mass at these cold temperatures. A medi- 
um grade of oil in another test was found to have the 
consistency of extra heavy oil when cooled to 10 deg. 
fahr. Therefore, a light or a medium grade of oil of a 
quality that will not lose its lubricating properties at 10 
deg. fahr. or hinder the successful operation of the start- 
ing system should be used on cars during the winter 
months. 

Another of the features noted in these investigations, 
namely the effect of low temperatures on the ignition 
system, showed clearly one of the reasons for the adop- 
tion of battery ignition in place of magneto ignition. At 
the low cranking speeds encountered under these cold 
weather conditions, the cranking speed was seldom rapid 
enough to fire the fuel in the cylinders when the magneto 
was used. However, when a battery of sufficient capacity 
is used to turn over the engine successfully, the battery 
voltage will always be high enough to fire the engine 
equipped with a well-designed battery ignition system. 

The grade of fuel and also its carburization have a 
great influence on successful starting at low tempera- 
tures. The installation of a good electrical system will be 
utterly negative in results if the grade of fuel or poor 


CALIFORNIA 


N response to an inquiry from the Society, the Bureau 

of Mines of the Department of the Interior has stated 
that the petroleum product manufactured in Cali- 
fornia and marketed extensively in the West under 
the name of “distillate” or “engine distillate,” is obtained 
as follows: 

The crude is heated or “topped” in various types of 
stills or topping plants until the vapors reach a tempera- 
ture of 400 to 500 deg. fahr. The condensed vapors, 
“tops” or “first-run distillate,” are rerun in steam or 
combination steam and fire stills, yielding the following 
products in the order named: 

Gasoline. 

Engine distillate. 
Stove oil. 

Steam still bottoms. 

In most cases, the engine distillate is agitated with a 
sufficient quantity of concentrated sulphuric acid to make 
it water white, and then washed with caustic soda and 
water before marketing. 

Hence distillate or engine distillate is a refined rerun 


carburization keeps the engine from firing. If the elec- 

trical system turns over a cold engine at some reasonably 

high speed, it should be unnecessary for the car user to be 

put to the inconvenience of heating the carbureter and 

manifold of the engine to cause the ignition of the fuel. 
AutTHorR’s CONCLUSIONS 

1. The size of a storage battery for starter service is 
determined by the power required to start and roll an 
engine at some reasonably cold temperature (10 deg. 
fahr.) at a sufficient speed to cause ignition. 

2. Starting troubles may be due to lack of battery 
capacity, improper application or lack of size of the 
starter, viscosity of lubricant at low temperatures, 
faulty ignition, poor carburization, or an inferior grade 
of fuel. 

3. A good design of engine and its accessories should 
take into consideration all of these causes and provide for 
satisfactory starting at a temperature no higher than 10 
deg. fahr. 

4. At 10 deg. fahr. the available battery capacity is ap- 
proximately 50 per cent of the normal capacity and the 
voltage at this temperature also is reduced to a consider- 
able degree. 

5. At 10 deg. fahr. the efficiencies of the starting mo- 
tors vary between 10 per cent and 40 per cent for the low 
cranking speeds encountered at these cold temperatures. 
A design of motor should be used which gives better 
starting torques and higher efficiencies at these low 
speeds, even if it is necessary to sacrifice the speed at 
which the motor spins the engine under normal tem- 
peratures. 

6. A convenient double-reduction gearing between the 
starter and the engine flywheel can be made that will give 
better starting characteristics under cold weather con- 
ditions than a single-gear reduction. 

7. A good quality of lubricating oil and a good grade 
of fuel are requisites for satisfactory starting. 

8. As there is a wide divergence in the design and 
manufacture of the various automotive engines, each ap- 
plication should be tested separately to determine the 
power that is required to start it under cold weather con- 
ditions. In the absence of such data, the approximations 
derived in this paper should be useful. 


‘DISTILLATE’’ 


product coming between gasoline and kerosene. Its 
gravity is as a rule very close to 50 deg. Baumé (0.7796 
sp. gr.) although a 52 deg. distillate (0.7711 sp. gr.) 
is also marketable. 

Following are data of two typical samples of engine 
distillate: 


ENGLER DISTILLATIONS 
Sample No. I. Gravity 1.4 deg. Baumé (0.773 sp. gr.) 
Te mperature Per Cent 
Fahr Cent Distilled Over 
216-250 102.2-121 2.5 
250-300 121.1-148.8 ‘ — ‘ ‘ sere ‘ 49.0 
300-350 148.8-176.6 14.5 
350-390 176.6-198.8 25 
Bottoms (trace of yellow) 0.8 
Total 99.3 
Sample No. II Gravity 50.1 deg. Baumé (0.779 sp. gr.) 
203 Initial boiling potnt 
203-212 95-100 wa Trace 
212-257 100-125 aiinanlb cede 22.6 
257-302 125-150 a ead ; 52.7 
302-347 150-17 17.9 
347-388.4 175-198 j : aa d 4.2 
Residue ... a ee PE Pe ee po Ae 1.6 
Loss ; ee , 1.0 
388.4 198 Final botling point 
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Commercial Future of Aircraft 


By Witi1aM B. Stour* (Member of the Society) 


Mip-WeEstT SECTION PAPER 


NUMBER of things must happen to the airplane 
A wiers it becomes a thing of everyday travel. That 

this day will come, and very soon after the war 
period, is my belief, and one’s fancy cannot, I believe, 
conceive of the changes that air travel will work on our 
national and international life. 

Before attempting to describe the changes that will 
come about it will be necessary to establish some funda- 
mentals regarding the work we are to do. First, our 
public must be made safe. Second, it must be made com- 
fortable. Third, it must be transported from one place 
to another with advantage over other means of travel 
either in speed, lower cost, or comfort. Fourth, it must 
be given a mental attitude of receptiveness toward the 
new transportation. 

As in the early days of the automobile, safety is the 
first thought of the public in relation to the new air 
transportation, and hence must be considered first. 

The things that bring safety in aircraft are many, 
and will take development. When all are available, air 
travel will be safer per mile and passenger than any 
other form of travel. I say this with conviction, and be- 
lieve analysis will bear me out. Not all of the safety 
factors have to do with the machine or engineering as 
we know it. I will touch on the engineering factors first, 
however. 


Ninety per cent of the danger in present-day flying, 


as shown by statistics, is in the landing. There are 
almost no failures of parts in the air since we have found 
the weaknesses and faulty figuring of the early days, 
when to fly at all was equivalent to joining the suicide 
club. The landing then should come in for extended 





Fic. 1—AEROFOIL, SHOWING WIND STREAM AT STEEP ANGLE 
(Heavy LIFT) 


study, that there may be a minimum of danger during 
this small period of time. This danger is tied up in three 
major things: the speed of the plane when it lands, the 
roughness of the ground, and the space within which the 
machine may easily be landed and brought to a stop. 

The first item of landing speed is a direct function of 
the design of the plane, and so I shall digress a little and 
discuss some of the fundamentals of plane design that 
relate to range of performance. 


Airplane Fundamentals 


An airplane is nothing more than a kite of scientific 
form. For a certain pull on the kite string—known as 
“drift”—one can make the kite lift a certain weight of 
tail papers, the weight depending on the “lift” of the kite 
surfaces. The best kite is the one that will givé the most 
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Illustrated with CHARTS 


lift with the least kite-string pull; and likewise the best 
wing curve is one that will give the most lift with the 
least drift. 

Fig. 1 shows a deeply curved wing, with the nomen- 
clature of the curve given. Imagine this wing in flight 
at the steep angle shown, the line of flight being in the 
direction of the arrow. There is a pressure of air be- 
neath the surface, through the wing’s forcing a change 
of direction in its flow, but there is also a partial vacuum 
above, forming the greater factor in the lift of the wing 
at these steep angles. 


Wing Curves 
For the steep angle of flight shown in Fig. 1 the deeply 
curved wing is the proper thing. This curve means lift, 
and for bombers and heavy lifting planes deeply curved 
aerofoils are used, but they are not suitable-for speed. 
When one crowds on power to make them fast, or at- 


tempts speed by cutting down surface, the condition 
shown in Fig. 2 obtains, the air at the flat angle of inci- 
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Fic. 2—SAME CURVE AT SPEED, SHOWING Bow WAVE 


dence which the plane takes at high speeds banking up 
in front of the wing in eddies like a bow wave in front of 
a canal boat. The wing curve shown is a “freighter” 
curve. 

In Fig. 3 is shown a wing that slides through the air 
at flat angles with little resistance and no bow wave, but 
its lift pér square foot is low. The deep-curved wing 
may lift 10 lb. per sq. ft. and the speed-curve not more 
than 5. Here, however, is where the plane beats the 
boat, for surface can be added in the wings with the low- 
lift curve until its maximum lift equals that we had with 
less surface with the high-lift curve, and by crowding on 
power we can get high speed, while still retaining our 
old original slow-landing speed. It is by this method that 
planes have been perfected for getting off the ground at 
around 45 and flying up to 125 m.p.h. 
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Fic. 3—SpPEED CURVE, WITH SMOOTH AIR STREAM LINES 
Thus when speed is necessary, as it will be for com- 
mercial work, we can add surface and use streamline 
curves and get the very necessary speed range. This is 
not all, however. The wing that has the greatest lift 
with the least drift—or resistance to forward travel—is 
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all things considered the most efficient wing. This drift 
is in lifting planes a large factor in power consumption, 
but it forms only a fraction of the head-on resistance to 
forward flight known as head resistance. 


Parasite Parts 


Head resistance is of two kinds: drift, which is useful, 
and parasite resistance, which is useless. 

The resistance of the wings to progress is necessary to 
get lift. Overcoming this resistance allows the plane to 
fly. However, the resistance of the plane body, the wires, 
struts and all exposed parts, is only lost work and does 
not contribute to supporting the plane. At 60-mi. speeds 
the parasite parts are not of major importance; at speeds 
of over 100 m.p.h. they are the dominant hindrance. 

In the type of construction used in the Caproni one 
can easily see where most of the power would go were 
this type forced to high speeds, as the number of para- 
site parts is enormous. At bombing speeds it is very 
effective, but not efficient enough as at present constructed 
for the commerce of the future. 


Landing 


Landing speed alone does not solve the safety item. 
With the large surface plane there is a light wing loading, 
so that when the power is shut off it “floats” for a long 
distance. If we dive to get to the ground quickly we 
pick up speed quickly. What then is the use of slow- 
speed landing if it takes twice the space to land with a 
floater machine? After we touch the ground, too, this 
machine takes a long time to stop. Machines of heavy 
loading and fast landing are able to land in ball parks. 
The pilot is in danger, however, at the time he touches 
the ground at speed, but the machine quickly slows down. 
In the end one type is about as dangerous as the other, 
for safety requires ability to land at the slowest possible 
speed, in the smallest possible space, and on the roughest 
possible ground. We can land. at slow speed, and in small 
space, but not with the same machine. The third item 
may give-a clue to further study, that of landing on rough 
ground. Present machines have high landing gears, de- 
manded by the necessary propeller clearance at the front 
of the machine. The whole machine, for this reason, 
lands, as one might say, on stilts. The center of weight 
in planes is high, and when the wheels strike really rough 
ground the action of the wind on the tail surfaces is the 
only means of keeping the machine from somersaulting; 
and this pressure gets less and less as the plane slows 
down. 

Safety in Speedy Flying 


For safety in landing means should be devised for 
carrying the weight low without interfering with the fly- 
ing qualities of the plane. If the weight could be low, 
and the body as near to the ground when one lands as a 
motor car body, then the danger of nosing over would be 
small, and a high-speed landing could be made in small 
space on rough ground in safety. Allowing higher land- 
ing speed with safety would permit designers to increase 
maximum air speed so that there would be benefit all 
around. 

Once in the air the faster one goes the safer he is, as 
he has stronger hold on the medium in which he travels, 
and is less influenced by the prevailing winds. Speeds of 
200 m.p.h. will probably occur within the next year. 


Variable Wing Curves 


The commercial plane may go a step further than I 
have indicated—and here is real opportunity for in- 
ventors—by developing planes with variable wing curves. 
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Then we can get off the ground with a deep curved lifting 
wing for climbing and when we have reached our altitude 
we can flatten the curve out into a speed section, and flit 
away as fast as we please. When we want to land we can 
then have slow speed with the possibility of landing in 
small space, and on rough ground. The development of 
this type of wing will probably be the next basic step in 
the development of the airplane. 

As the use of aircraft develops there will be established 
at all cities landing fields smoothed off and marked with 
the direction of the wind, so that there will be plenty of 
space to land in and no rough ground. The use of the 
ideas described will add to safety, however, and in case 
one is flying a single-engined machine he will still have 
the ability to make emergency landings in safety. 


Safety Factors 


The coming of the multi-engined plane will eliminate 
the necessity for landing at other than prepared fields, 
and for commercial work two or more engines will be the 
rule and the one-engined plane the exception. With this 
type of plane and the prepared fields, with instruments 
for flying, and with skilled pilots, the safety part of air 
navigation can be considered as settled. Emergency land- 
ings nowadays are rare, and getting rarer. Almost all 
accidents are to student pilots under forced training who 
attempt feats before they are fitted for stunt work. In 
the hands of skilled men flying, even today, is safe. 


Comfort 


Having worked out the safety factor we come to com- 
fort. For this engines must be muffled and away from 
the passengers. There must be no noise nor smell from 
the machinery. If the engines are not actually muffled 
the exhaust must be led to the rear, where the passengers 
will not hear it. 

Passengers also must be totally inclosed out of the 
wind. They must be comfortably seated and warmed and 
enabled to see the country over which they are flying. 
They will be amused by wireless communication as they 
go along. The interior of the cars must imply safety and 
comfort, that nervousness may be a minimum. It may 
even be necessary to keep the air pressure in the passen- 
ger compartment normal on account of weak hearts at 
flying heights. All these things will come, and more 
which we do not even imagine. 


Steering by Wireless 


The instruments for making the course accurate will 
be of new type. There will probably be certain estab- 
lished wireless wave length lines flowing between cities. 
A certain wave will float between wireless stations at 
New York and Chicago. In the plane will be a needle 
which will always point in the direction of this wireless 
wave, so that the pilot, through fog or rain or storm or 
totally inclosed in the cabin, can follow the line accu- 
rately as though strung on a cord. With this and a baro- 
graph the plane can laugh at storms. 

We must also consider the speed of the machine in the 
air as a direct factor in making aircraft an eventual 
means of transportation. When we learn how to build 
planes for heavy-lift, high-speed performance—and we 
are very near to it—we will be able to do with heavy 
bombers what we do now with speed scouts, and with 
machines designed for transportation of many passen- 
gers do feats which today the speed-scout trickster could 
not attempt if he would. 

I must be pardoned if this whole talk consists of gen- 
eralities very largely, as it is evident, without further 
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COMMERCIAL FUTURE OF AIRCRAFT 


explanation, why I can give no details. There is no rea- 
son, however, to prevent my stating rather definitely 
what I think we shall see after the war in commercial 
constructions. 


PREDICTIONS 


I can see planes of present horsepower carrying twice 
the weight they carry to-day, and at 200 m.p.h. I can see 
flights from coast to coast with but one stop, and with 
many passengers. I can see the crossing of the Atlantic 
an accomplished fact, not as a single trick, but as an 
everyday method of travel, and the trip made from day- 
light to dark, or, better, from dark to daylight—steering 
by the stars and wireless. 

Where there are water crossings requiring much re- 
handling, I can see the transportation of certain kinds of 
freight by air. Where railways are roundabout, I can 
see real hauling of heavy weights, such as ore, or borax, 
from Death Valley, carried by plane. It will not be long 
before the camel on the Sahara will be as much 6ut of a 
job as a trotting horse in Detroit, while planes become 
the new ships of the desert. Almost all passenger, mail 
and light express work between London and coastal con- 
tinental cities will be by air. Even today there are tons 
of airplane parts per week flown over the channel as air 
freight for the front. It is quicker and cheaper and the 
material ‘gets there.” Such a delivery might save a busi- 
ness battle as well as a military one. 

I would not attempt to discuss the commercial future 
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of the airplane by quoting figures on upkeep, gas cost, 
depreciation, etc. No one knows today what the actual 
running cost of a freight or passenger plane would be. 
We are at the kite stage of airplane construction. Two 
years from now we will laugh at what we now call a mod- 
ern airplane. The industry is changing too fast. At the 
same time one may pick up the cards and tell what is in 
the trick. 

There is no engineering reason why it should take more 
power and gasoline to carry seven passengers at 60 miles 
an hour over a road and up a 10 per cent hill than to do 
the same on wings. With the same power one should be 
able to do twice the speed and accomplish double the same 
climb. It is probable that the plane will show more 
economy per mile than a motor car, and, in big planes 
for long hauls, beat out the train for passenger cost. 

When this is done, and we can collate and an- 
alyze the cost figures, we will see lines emanating 
from every American metropolis in everyday commercial 
work. We will take a taxi at breakfast time, do four 
hours’ business in New York and be back for dinner at 
8 in the evening. Some of us may have our own aerial 
jitney and drive to work and back, though I fear this is 
far in the future. 

Many will not agree with some of the broad statements 
I have made. I do not expect that they will. Things 
never go just as we think they will, but as the cards read 
today all is propitious for the early use of airplanes in 
extensive commercial work—after the war. 


AT KANSAS CITY 


TRACTOR SHOW 


The second dinner of the Society to be held during the 
Kansas City Tractor Show took place Feb. 13 at the 
Hotel Baltimore, Kansas City. Nearly 200 members and 
guests of the Society were in attendance. 

Chairman Dent Parrett of the Tractor Division of the 
Standards Committee acted as toastmaster of the occa- 
sion, while a number of other speakers addressed the 
diners regarding the relation of S. A. E. activities with 
the tractor industry. 

Dean W. M. Jardine of the Kansas State Agricultural 
College, speaking for the Kansas State Council of De- 
fense, stated that tractors must work 150 days instead 
of 50 days each year in order to compensate for the large 
number of farm boys who will be taken by the draft. 
He recommended that manufacturers end tractors to the 
farms on a rental basis, particularly in July, the vital 
month, when it is too hot to use horses. 

J. B. Bartholomew, president of the National Tractor 
Manufacturers Association, stated that the greatest need 
now was railroad cars in order to make tractor deliv- 
eries. Many of these factories were stocked with 
tractors but no railroad shipping facilities are availa- 


ble to make deliveries now when it is imperative that 
the southern states receive tractors immediately. 

The way in which tractors were used at the defense 
of Verdun was explained by Captain F. M. Monroe, of the 
Engineer Corps of the French Army, who is now an in- 
structor at Fort Funston, Kan. 

Other speakers were First Vice-president David Bee- 
croft, chairman of the Meetings Committee of the So- 
ciety; E. J. Sweeny, Standards Manager M. W. Hanks, 
A. P. Yerkes of the U. S. Department of Agriculture, 
Prof. G. A. Young, head of the school of mechanical en- 
gineering at Purdue University; H. L. Thompson of the 
Moline Plow Company, Guy Hall of the Kansas City 
Tractor Club, and Mr. Peake, of the Kansas City Auto- 
mobile Dealers’ Association. A complete report of this 
meeting will be published in the next issue of THE 
JOURNAL. 

An exhibit of the standards work of the Society was 
made at the Tractor Show, and resulted in considerable 
interest being shown by the visitors. The Class B mili- 
tary truck engine naturally received the most attention, 
but the tractor standards work of the Society was the 
subject of many inquiries. 
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Factors Governing Small Tractor Design’* 


By Avan E. L. Cuoriron (Non-member 


HE problem of providing mechanical power to 
replace that of the horse in the most suitable and 
efficient form for the purposes of agriculture is 
one of no inconsiderable difficulty, the guiding factors 
being such variables as the size of the farm, the class 
of land, the nature of crop, road transportation, and 
the financial ones of first cost and annual charges. The 
information relating thereto is so diverse, so variable and 
difficult to relate to actual fact (it seems more often a 
matter of opinion rather than fact) that the mechanical 
engineer investigating the problems on lines he is accus- 
tomed to finds himself at some loss where to begin, and 
is driven, in the end, owing to this lack of precise infor- 
mation, to provide much of the essential data by actual 
experiment. 

Undoubtedly there is, apart from the actual mechanics 
of the problem, a considerable divergence of opinion as 
to the manner in which the problem should be met, while 
agriculturally the views held are seldom accompanied 
by those proofs upon which any engineer would rely. 
The difficulty of bringing together the agricultural ex- 
pert and the mechanical engineer is a real one. This 
difficulty is reflected in the tardy progress in this country 
(England) of mechanical agricultural science, which, 
apart from the conservatism of the farmers themselves, 
has undoubtedly depended upon the cut and dried methods 
so familiar in the past, and not upon scientific and tech- 
nical research, the need for which at the present day is 
so prominently before us. 

Although in the main the views held by farmers can 
be divided into two groups—those who favor a special 
power implement for each purpose, and those who think 
a general-purpose machine should be provided to deal 
with each and all—yet the problem should undoubtedly 
be considered, in the first instance, from the standpoint 
of capital expenditure and annual charges. The average 
farm in this country is comparatively small, and the 
farmer may find it financially impossible to purchase a 
special power-driven implement for each of his require- 
ments, even should he be of opinion that such a policy 
is a desirable one. For example, if a light tractor were 
purchased for plowing alone, then a powerful unit would 
be needed for threshing, while on the road provision 
must be made for the mechanical power required for 
transport. 

A fourth power unit may even be required for other 
purposes; thus a first cost of say £350 ($1,705) per unit 
might be increased approximately to £1,050 ($5,115) or 
even to £1,400 ($6,820), while the yearly writing off of 
capital and interest would be increased proportionately, 
each requirement now having to bear the full charge of 
its special machine. The effect on the working costs 
of the writing off of so large a capital expenditure, in- 
curred by uni-purpose machines, is very material. For 
example, the capital charges for a tractor costing £350, 
suitable for plowing alone, and allowing seven years’ life 
and 100 acres per year, would be 10s. ($2.23) per acre, 
for 200 acres 5s. ($1.12) per acre, and even if an allow- 
ance is made for performance of light land work, subse- 


This paper was recently presented before the Institution of Auto- 
mobile Engineers at London 


Illustrated with CHARTS 


quent to plowing, the cost would probably amount to 3s. 
($0.73), equivalent to the cost of fuel (at 3 gal. per acre), 
and as great as, if not greater than, the wages of two 
operators. 

The financial consideration of the problem brings out 
the advantages of a multi-purpose machine, a power 
unit—if it could be designed—to meet the majority of 
calls of the farmer, instead of a special power implement 
for each purpose. Such a desirable combination should 
never be lost sight of in any general investigation of the 
fundamental factors of design. 

Though beginning with the general aspect, the progress 
of the investigation revealed the extent of the field cov- 
ered by the application of mechanical power to agricul- 
ture as too wide for the scope of this paper and the 
time at the disposal of the author, and it was, therefore, 
in the end, as the financial aspect was considered so 
important, narrowed down in the main to a consideration 
of the possibilities of a single power unit that would 
meet the majority of the demands called for on the farm. 
There will always be farms so large, or special conditions 
of such a nature, as to allow of the purchase of special 
machines for each purpose with commercial advantage; 
such cases, however, must be considered individually, and 
are not dealt with here. There is no doubt, however, that 
despite the questionable soundness, from a commercial 
point of view, of the use of many special-purpose units 
for the average farm, there still remains a strong body of 
opinion that the use of such power implements is the 
right thing, and only the showing of the future, when 
the farmer has purchased on these lines, will clearly 
demonstrate whether due consideration had been paid to 
the financial aspect of the problem. 

It is essential to bear in mind the incidence of the 
duties called for from the tractor; will they so fall as not 
to conflict? That is to say, can the uses of such a power 
unit be reasonably well divided to cover the agricultural 
year with the help of horses, that will be always available 
to a limited extent? It is held that they can, though 
each farmer must, with his own conditions in front of 
him, judge for himself. The requirements called for from 
a power unit during the agricultural year are: 

(a) Plowing, dragging, rolling, drilling. 

(b) Reaping, binding and leading. 

(c) Threshing, pumping, pulping, chaff cutting and 
grinding. 

(d) Transport work to the station. 


These duties are not likely to take more than 70 per 
cent of the total working days of the year. 

It is not possible here to consider these operations in 
further detail, for we must confine our examination to 
the mechanical factors of the problem. The three prin- 
cipal uses which, by their requirements, govern the design 
of the tractor, are: 

(a) Road work—transport. 

(b) Land work—plowing. 

(c} Farmstead—threshing, etc. 

(a) governs the minimum axle loading, (b) governs 
the maximum axle loading, (c) governs the minimum 
power required. 
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1. Roap Work 


The basic factors governing the application of me- 
chanical power for traction purposes are adhesion and 
resistance. 

Tractive Adhesion.—The adhesion of the driving wheels 
on the road must be sufficient to utilize the power devel- 
oped by the engine in overcoming the tractive resistance 
of the load and the tractor combined. 

Considerable amount of data exists relating to tractive 
resistance, but for tractive adhesion on common roads 
little, if any, information can be found. For traction on 
rails the locomotive engineer has plenty of data, obtained 
by the use of dynamometer cars, and from these have 
been developed recognized constants. The standard fig- 
ure of adhesion is 0.25; that is, one-quarter of the load 
on the driving axles can be used in drawbar pull. It 
is stated that this figure rises to 0.35, but it is not advis- 
able to use such a value in practice. 

As no adhesion values were available for steel tires on 
common roads, experiments have been made to determine 
them. In these experiments a steam tractor towed a 
loaded wagon by means of a recording dynamometer. In 
order to obtain maximum results the experiments were 
extended so as to traverse a steep hill, and even with this 
additional resistance it was still necessary to apply the 
brake to the wagon before the maximum value was ex- 
ceeded and slipping began. 

It will be seen clearly that these experiments also 
afforded an opportunity of testing traction-resistance 
constants, and this was done. 

‘To make the results still more useful the same tractor 


‘TRANSPORT 


was fitted with rubber-tired wheels and tested under 
similar conditions. The whole forms a useful combina- 
tion of data for the designer of tractors for common 


roads, and the author is beholden to Messrs. Ruston, 
Proctor & Co. for enabling the tests to be carried out. 
These results are shown in Table I and in Figs. 1 and 2. 
From these it will be seen that the maximum value— 
with slipping just beginning—for steel tires is 0.56, and 
for the rubber tires 0.6. It is suggested that in practice, 


Taste 1—Typicat Resutts ror Vartous SurFaces 
*- 


TRACTION 
| RESISTANCE 
Test Ne Kind of Road Condition of Road | Location 
Total Per Tor 
G—30 1 \¢ ete Smooth, excellent Near Davis 83.0 27 .¢ 
insurfaced | 
"11—12 Concrete Smooth, excellent | Near Davis 90.0 10.0 
unsurfaced 
fy —27-—28 | Concrete Smooth, excellent | Near Davis 147.6 99.2 
¥4-in. surface as- 
phaltic oil and 
screenings) 
] 4 Concrete Smooth, excellent Near Davis 155.0 51.6 
+4-in. surface as- 
phaltie oil and 
screenings) 
—10 Macadam Smooth, excellent | Near Davis 193.0 64 
water-bound) 
Topeka on concrete: Smooth, excellent | Near Davis 205 5 68.5 
8 Gravel Compact, zood con4+ Near Davis 225.0 75.0 
dition | 
415—48 Oil macadam Good, new | Near Sacramento 4.5 78.2 
146—47 Oil macadam Good, new Near Sacramento) 244.0 81.3 
33 Gravel Packed in good con- Near Davis 247.0 82.3 
dition 
J8—19 0 | Topeka on pla Good condition, soft); On Causeway 265.0 88.3 
wagon left marks near Davis 
1 Earth road Firm, 1% in. fine} Near Davis 276.0 92.0 
loose dust 
44—25 Topeka on plant Good condition, but) Near Davis 278.0 
soft 
l—2 Earth id Dust 34 to 2 in. Near Davis 298 .0 99 
4 Fart} Mud, stiff, firm un-+ Near Davis 654.0 218.0 
de rneath | 
7 Gravel Loose, not packed | Near Davis 789.0 263.0 
*Graphic record indicates that the load was being accelerated when the test was stated 


tDrawn with motor truck at 244 miles per hour. 
tDrawn with motor truck at 5 miles per hour. 


when country roads have to be taken into account, a 
safe value for steel tires would be 0.45, and 0.55 for rub- 
ber tires, or 0.5 if long life of tires is desired. This 
means, in effect, that in getting out the design of the 
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Fig. 1 RESULTS OF ROAD RESISTANCE AND ADHESION TESTS WITH 
STEEL TIRES ON DRIVING WHEELS 
Tractor, gross weight, 7.4 tons Wagon, gross weight, 8.7 tons 


Complete train, gross weight, 16.1 tons Weight on driving wheels 

(3 ft. 6 in. x 12 in.), 10,000 lb. Adhesion factor, without slip, 0.46 

With slight creeping, 0.56 Max., 0.62. Road resistance per ton 

av. 53 Ib Average speed, 1% m.p.h Road surface, very good 
macadam, dry 


tractor for road transport, a duty that limits the mini- 
mum weight, the propulsive effort cannot be taken as 
exceeding 0.45 times the weight on the driving axle for 
steel tires. The high cost of rubber tires for road pur. 
poses and the special wheels, seems hardly justifiable for 
the conditions obtaining on a farm. 

Traction Resistance.—From the experiments, Figs. 1 
and 2, the tractive resistance for a good macadam road 
comes out at just over 50 lb. per ton, the diameter of 
the rear wheels of the loaded wagon being 4 ft. by 9 in., 
that of the front 3 ft. 6 in. by 9 in., with steel tires. 
The values given in Table I are the results of experiments 
lately carried out over roads in California. 
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Fig. 2 RESULTS OF ROAD RESISTANCE AND ADHESION TESTS WITH 
RUBBER TIRES ON DRIVING WHEELS 
Tractor, gross weight, 7.4 tons Wagon, gross weight, 8.7 tons 


Complete train, gross weight, 
(3 ft. 4 in. x 10 in.), 10.000 Ib. 
With slight creeping, 0.6. 
Average speed, 14% m.p.h 


16.1 tons Weight on driving wheels 
Adhesion factor, without slip, 0.58 

Road resistance per ton, av. 53 Ib 
Road surface, good macadam, dry 


very 

For the purposes of this investigation a value of 60 lb. 
per ton has been taken. 

Having now the values for adhesion and resistance, 
it is necessary to inquire as to the load a farmer will 
require for road transport. As it is desirable that the 
tractor should work on the land with practically the 
same efficiency as a special-purpose machine, heavy axle 
loading is prohibited, and it becomes necessary to pro- 
portion the tractor weight to fulfill this condition, and 
vet permit of the requisite adhesion for hauling the load 
on the road. 

When the tractor is hauling a wagon in ordinary serv- 
ice the load can be adjusted to any condition or gradient. 
Is there, however, any other governing condition in which 
this adjustment cannot be made? A load that is in one, so 
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to speak—and here a full-sized 4 ft. 6 in. threshing ma- 
chine can be taken as a guide—such a machine weighs 
41%, tons, as a safe maximum say 4.5 tons. 

The next consideration is the reasonable maximum 
gradient a tractor may be called upon to face. If a maxi- 
mum gradient of 1 in 10, and a tractor weight of 50 
cwt. (5600 lb.) is assumed, we have 224 + 60 = 284 lb. 
as the total resistance per ton. Then the total load of 
4.5 tons plus 2.5 tons equals 7 tons, or a total pro- 
pulsive effort of 1988 lb., which gives us, with a 0.45 trac- 
tion adhesion, a load of 4400 lb. on the driving axle. 
With a tractor of a total weight of but 2.5 tons (say 
15 cwt. on the front axle and 35 cwt. on the back), this 
axle weight cannot well be provided. The increased load- 
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Fic. 3—DISPLACEMENT OF WHEEL LOADS DUE TO TURNING MOMENT 
AND DRAWBAR PULI 
Weight of tractor in working order, 2% tons. Wheelbase, 6 ft 
Dia. of driving wheels, 4 ft Height of drawbar from ground, 1 ft 
8 in Power lost in rolling resistance taken as 20 per cent 


ing on the axle due to the reaction of the drive, the 
values of which are shown in Fig. 3, provides, however, 
a means of meeting this difficulty. The alternative 
method is to adopt artificial loading on the axle. Re- 
solving the drawbar pull into engine power at 2 m.p.h., 
at 70 per cent gear efficiency the brake horsepower of the 
engine is 15.2, and at 80 per cent efficiency the power 
would be 13.2 approximately. 

For still heavier loads or steeper gradients a larger 
power is required, and it is desirable, therefore, that this 
be provided, if not incompatible with the other factors. 


2. WorK oN THE LAND 


The factors governing successful working on the land 
are not easily determined, and apart from the difficulty 
of carrying out experiments such intangible things as 
the varying opinion as to allowable pressure on the soil 
must be taken into account. 

Generally, however, weight is an important considera- 
tion, and must not exceed a certain maximum, while addi- 
tional tractive effort in excess of that consistent with this 
weight must be obtained by other means, such as projec- 
tions on the wheels or spuds. 

The pressure that worked land will bear without in- 
jurious effect upon the crops varies according to the 
nature of the soil. From the mechanical point of view 
the limit of pressure is set by the necessity to prevent 
sinking into the ground, an occurrence seldom solely due 
to excessive weight. 

What usually happens is that owing to inadequate grip- 
ping power the driving wheels rotate and act as milling 
cutters, scraping out the soil from beneath. 

The relative values of weight and spud area are difficult 
to allocate so as to be able to make comparisons; for 
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instance, a machine with a 30-cwt. axle loading and short 
spuds pulls partly by adhesion and partly by grip, and 
the latter is rendered more effective by the weight of 
the wheel holding the ground down during this action. 
On the other hand, a lighter tractor with 15-cwt. axle 
loading must pull largely by grip alone, and the effective- 
ness of the grip is modified and reduced by the lighter 
weight behind it and by the greater rolling resistance per 
ton set up by the spuds. 

Hence the data to be ascertained are the proper rela- 
tion of pressure on the land, the pressure against it, and 
the action of the rim projection, strake, spud or grouser. 

We have thus three prime conditions to be met for the 
majority of cases: 

(a) Driving axle loading, 
(b) Pressure against grips or spuds, 
(c) Effect of rolling resistance. 

Considering first 

land work, we have: 


pressures that have been usual on 


eee 


8.5 lb. per sq. in. 

Horse’s hoofs.............. 20 lb. per sq. in. 
Cart tires 

“i ree 40 lb. per sq. in. 


Gas tractor in use 


3 tons on axle............ 25 lb. per sq in. 


With extension...... 16 lb. per sq in. 
Steam tractor— 
So COM OM ORIG... 5 6c ees 17 lb. per sq. in. 


Assuming from our previous figure a static axle load- 
ing of 3920 lb., then with the driving wheels of the 
tractor 48 in. dia. by 12 in. wide, we get with a contact 
area of 288 sq. in. (sinkage of wheel °4 in.) a pressure 
of 13.6 lb. per sq. in. 

















The 


second part of the problem is more difficult owing 
to the absence of data, but concluding that the strength 
of the ground is represented by its resistance to plowing, 
Fig. 4 is useful. 

Considering first pulling by grip alone (light tractors 
in Fig. 5a) the suggested allowable pressures against a 
spud are given, and for average land 50 to 75 lb. per sq. 
in. can be taken as corresponding to a plow resistance 
of about 9 lb. per sq. in. If it is assumed that the draw- 
bar-pull is 2000 lb., and the-loading 50 lb. per sq. in., 
the pull if taken by one spud in each wheel would be 
1000 lb., so that for a wheel 12 in. wide the spud would 
be 1.67 in. long for average land. 

For light lands when the strength of the soil is low, 
with the same drawbar-pull, this depth would have to be 
increased about four times, the spud would then be 6.7 
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in. long, based upon the relative resistance given in Fig. Test No. 1 
4. This cannot be considered as a proposition to be xi 4000 
recommended owing to the necessarily greatly increased > 
rolling resistance of the tractor. A special device be- tee 
comes necessary, such as an actuated spade, Fig. 6, fitted cz 2000 
to the driving wheels, if efficiency is to be obtained. The = 1000 
mechanical complication and disadvantages of this Ps 
method, even though they may be surmountable, are self- oi, 
evident. Plowing at 1.57 m.p.h. in stubble Stiff clay land 
Many useful experiments can undoubtedly be carried enn Genenen aE 0 63— 3.21 hp. per share 
out to determine the most efficient form of grip for vary- wee Fae acy + Tg 
ing conditions of soil and weights of tractor. On soft B.hp. of engine, SS ; 
land the wheel tractor, either by reason of weight or Sioa, thanatane Skis cn te eee en 
Test No 





| 
Le 








~ 2000 
j = 1000 
/ z 
a 0 —- 
Plowing at 2 m.p.h. in stubble Medium soil 
Mean drawbar pull, 1500 lb 
Mean drawbar hp S—2.66 hp. per share 
anne Rolling resistance of tractor with lugs on=277 Ib. per ton 
Power used in plowing—8.0 hp.—42.5 per cent of total hp 
Fic. 5-A—-REDUCTION REQUIRED FOR 2 M.P.H. 64 TO 1 APPROX. Power used in rolling res 4.8 hp.—25.5 per cent of total hp 
Power used in transmission=5.95 hp 32 per cent of total hp 
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per cent of the total power; had the gear of this tractor 
been constructed on the lines of automobile practice a 
considerably higher efficiency would have been obtained.* 

From the other tests at 1.57 m.p.h. the drawbar-pull is 
2300 lb., or 766 lb. per share, the drop in speed allowing 








*“Scientific Determination of the Merits of Automobiles,” by D1 
A. Riedler. 








Fic B—REDUCTION REQUIRED FOR 2 M.P.H. 34 TO 1 APPROX. 


spud pressure, is not suitable, and one of the track-laying 
type becomes essential. This, however, cannot be said to 
be at all necessary for the majority of English agricul- 
tural conditions. 

From the tests at 2 m.p.h. (see Fig. 7) when the 
drawbar-pull is 500 lb. per share, the curves in Fig. 8 
have been got out; in these the important effect of 
gradient is indicated. For four shares and a gradient of 
1 in 10 the load at the engine is 23 b.hp., and it is desir- 
able that this should be obtainable if not inconsistent 
with the other governing factors of the design, for with 2 
four shares instead of three, 25 per cent extra plowing GRADIENT PER CENT 
will be effected for the same cost of labor. 


HORSEPOWER 





F : Fig. §8 POWER REQUIRED ON GRADIENTS PLOWING MeEbDIUM Sor 
From the tests made in dragging the tractor, the 900- 
P ‘ ; Weigt vorking orde th 3-share : s 
lb. drawbar-pull for a 314-ton tractor is equivalent to a noe woe eee 
rolling resistance of 277 lb. per ton on land. As the Rolling resistance of tractor with lugs on, 280 Ib. per ton 
. . se Furrows, 6 in. deep, 9 in. wide. Gearing efficiency, 80 per cent 
tests show, the loss in the gearing of the tractor is 32 Pull required per share, on stubble ground, 500 Ib 
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the engine to deal with the stronger land. The peakiness 
of this curve shows the value of large flywheel effort on 
the engine. 


3. WORK ON THE FARMSTEAD 


The highest power that a tractor when acting as a sta- 
tionary power unit is called upon to provide is generally 
accepted as that for threshing. 

Fig. 9 gives an approximate power curve for different 
sizes of threshing machines. From this it will be seen 
that 20 hp. is not excgeded, though it is usual to allow 
25 hp. for large machines. For grinding, the powers 
required are less. 
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WEIGHT AND 


POWER TO DRIVE THRESHI> MACHINES 
Summing up now, and allowing a margin of safety on 
the results so far arrived at, the fundamental values for 


the multi-purpose tractor can be taken as: 


Hp. Required. 
18 to 20 
23 to 25 
20 to 25 


Although the following observations are not funda- 
mental they form important considerations in the design 
of a tractor. 

The Engine.—Any consideration of the engine must 
begin with the conditions under which it has to run on 
a farm, the inexpert attention likely to be given to it 
being an important factor. Generally, while this necessi- 
tates robust construction, it also calls for a low power 
rating or a considerable reserve of power, and probably 
the factors of low speed, large cylinder capacity for power 
required, strength and simplicity of parts are the main 
ones. That the engine must operate on paraffin (kero- 
sene) is a sine qua non, and further, it preferably should 
develop its power without water injection. 

The gain to be obtained by the use of crude oil in 
a high-compression engine would justify the greater re- 
finement of the engine, though there is greater difficult) 
in obtaining the fuel, paraffin being probably the most 
universally and readily obtainable of all oil fuels. On 
the other hand, such an engine running on paraffin would 
probably use up to 30 per cent less, a material and im- 
portant saving and one that should induce the engineer 
to persevere with this type; the fact that the automatic 
ignition of this type removes the risks of all electrical 
gear must be borne in mind. It should be quite possible, 
however, to secure better economies with the ordinary 
engine than are at present customary. It may be taken 
that the consumption in practice is 3 gal. per acre, often 
more, sometimes less. A 20-hp. tractor has probably an 
average load of not more than five-eighths of the maxi- 


Driving Axle Loading. 
4400 lb. 
4400 lb. 
Stationary 


Road work... 
Land work... 
Farmstead 
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mum, or say 12.5 b.hp. 


(see dynamometer readings—3 
shares, 


plus allowance for stoppages and headlands). 
Taking two hours per acre, this gives, say, 12 pints per 
hour or 0.96 pints per b.hp. This result is not at all 
a bed one, and is probably much better than what is 
actually taking place in day-to-day work when the tractor 
is run by an ordinary farm hand. It should be possible 
to cut it down to 0.85 pint per b.hp., or with a high- 
compression engine to 0.6 pint or even less. 

The type of engine used, whether vertical or horizontal, 
would in practice largely depend upon the plant of the 
manufacturer, four-cylinder vertical engines being nat- 
urally adopted by the automobile engineer, whose factory 
is suited to that type; where factory considerations do 
not step in it might reasonably be claimed that the hori- 
zontal type is to be preferred. It has frequently been 
found in practice with vertical engines not possessing 
vaporizing devices in the engine cylinder, that some of 
the paraffin fuel passes the pistons and mixes with the 
lubricating oil in the crank-chamber, with a consequent 
thinning of the lubricant, which causes excessive wear 
on the main and crankpin bearings. It is not suggested 
that there are not many effective paraffin carbureters on 
the market, but rather that, despite these, with the class 
of labor available on the farm for operating the tractor, 
such action will frequently take place in starting up and 
on light load. 

The horizontal engine gets over this difficulty inasmuch 
as excess paraffin will drain off through the exhaust valve 
before reaching the piston. A successful form of inlet 
valve is shown in Fig. 10. The hollow head, which is 
kept hot by the heat due to the cylinder temperature, is 
arranged so that the entering gases in passing at a high 
speed through the venturi will impinge upon the hot 
walls; this forms an effective and compact vaporizer, and 
at the same time being in an inverted form, it is self- 
draining. 

It must not be forgotten that the hot bulb engine can 
work with tube ignition, thus cutting out the electric in- 
stallation, which is of all parts of the tractor probably 
the least understood by the farm hand; incidently, the 
running cost is reduced, as petrol (gasoline) is not re- 
quired for starting. Thus such an engine could be ar- 
ranged to operate by tube with but trivial alteration, in 
case of failure of the electric ignition. 

The water injection, so often found in the higi.-speed 
engine of the vertical type, cannot be said to be con- 
ducive to long life; it was tried years ago in gas engine 
practice and eventually dropped. 

The vertical high-speed type can be and is manufac- 
tured at a less total weight, and this has been an addi- 
tional reason for its use on light-weight tractors. It 
is, however, reasonable to ask whether, despite our being 
used to comparatively high-speed engines on automo- 
biles and motor trucks in which the average load is low, 
and the quality of fuel and the attention good, a speed 
of 500 r.p.m. can be exceeded under the conditions of 
farm service, quality of labor, heavy plowing loads and 
paraffin fuel, without a more than proportionate risk in 
wear and tear. Fig. 5 shows diagrammatically the two 
types of tractor, of which there are, of course, many 
variations. 

Further, it is considered desirable that full power 
should be obtained with a mean effective pressure of only 
about 50 lb. per sq. in., and that as in the horizontal type 
of engine the vaporizer should be in the cylinder head 
and allow of easy drainage for the use of low-grade fuels. 


In Fig. 10 a suitable arrangement has already been de- 
scribed. 
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It is true that with the high-speed engine the weight 
of the tractor is reduced, but in view of the necessity of 
giving a reasonably long life under the conditions of farm 
usage, it is debatable if this is a wise policy. A compari- 
son with a light-weight tractor on a basis of cylinder 
capacity indicates that these tractors obtain their light 
weight per horsepower largely by high engine speed and 
rating. 

Flywheel Effect.—It is desirable to arrange for ample 
storage of power in the flywheel of the engine to provide 
for the momentary excess required when meeting hard 
places, whereby the engine is subject to less strain, and 
the fuel consumption should also benefit. In the horizon- 
tal type suggested the flywheel effect is sufficient to pro- 
vide 50 per cent power increase for about 30 seconds. In 
the light tractor with a quick-running engine there is 
usually considerably less power storage in the flywheel, 
and the engine must bear directly the extra demands 
and shocks. 


Cooling.—Two methods are in vogue for cooling the 


engine—in the one, the automobile system, a radiator, 


fan and circulating pump are used, and in general the 
whole conforms much to the standard practice in this 
respect. In the other system tank storage is adopted, 
the cooling of the engine being obtained through the loss 


of heat, due to evaporation from the open tank (the 
released latent heat, of course, effecting this). 

The tank system is simple and is more foolproof in its 
working. It allows of almost any sort of water being 
used, such as is found in streams and drains about the 
fields, but on the other hand it needs considerably more 
make-up water than does the radiator system. The 
advantage of the radiator system is the much smaller 
quantity of water needed, so that if water is scarce the 
saving in cartage may bé considerable. Its disadvantage 
is that the radiator itself may silt up or in some way 
develop leaks. 


Both systems are used and probably local conditions 
will govern the choice. 

Frame.—lIn the older type medium-weight machines 
as a rule a special frame was built up of rolled sections, 
while later, in order to save weight, the frame has been 
incorporated in the general design of the machine with 
advantage. This feature should undoubtedly be adopted 
in the design of a multi-purpose machine. 

Gearing.—The typical forms of gearing for the two 
types of tractors are shown in Fig. 5. In one we have 
the design based on the automobile arrangement, using 
either bevel or worm gears, and with a high reduction on 
account of the high-speed engines, and in the other the 
design is based on that of the steam traction engine, in 
which neither the bevel nor worm is necessary; because 
of the cross-setting of the engine the latter type has not 
usually been totally inclosed. The total inclosing of the 
gearing and the running of the gears in oil baths, which 
originated in automobile practice, should undoubtedly be 
incorporated in the other design. As the test detailed in 
Fig. 7 indicated, the loss in the gearing is high, owing 
probably to the exposed gears, want of alignment under 
load and insufficient lubrication. When the horizontal 
engine type is built with all its gearing totally inclosed, 
the efficiency should be equal to automobile practice (see 
Riedler*). As the reduction is less, and as no bevel or 
worm is employed, it is not unreasonable to expect from 
the horizontal engine a higher overall efficiency than from 
the high-speed engine design. The advantages of ball or 
roller bearings in the reduction of friction losses are 
questionable. Published tests indicate but small bearing 
losses, so that any gain would be trivial. 

Steering.—There are two types of steering (Fig. 11), 
the single and double pivot. The one is practically the 
standard in present agricultural machines, as steam trac- 
tors, etc., and the other is the standard in automobile 
practice. 

The first is simple, cheap and strong in principle, and 
outside agricultural work, it is chiefly used in steam 
wagon practice. Yet despite this there is a general ten- 
dency to adopt the double-pivot system for small tractor 
work; this system, when centrally mounted so as to give 
three-point suspension, is to be preferred for the class 
of tractor under consideration. 

Wheel Arrangements.—Fig. 12 shows some of the ar- 
rangements of the wheels of tractors on the market, for 
each of which the makers claim special advantages. The 
need for a tractor to be an efficient machine for road 
work, materially narrows the field of selection, and as 
long practice has proved that, for the power contemplated, 
the two-track four-wheel machine is the most suitable, 
this seems undoubtedly the one to be selected, as such a 
wheel arrangement is equally effective on the land. 

The size of wheels may be 3 ft. by 5 in. for front 
wheels, and 4 ft. by 12 in. for rear driving wheels. 


*“Scientific Determination of the Merits of Automobiles.” 
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It is noticeable that there seems to be a tendency in 
tractors now coming into use to adopt smaller diameter 
wheels (4 ft.), probably with a view to reduce weight. 

The track-laying arrangement, while entirely suitable 
for special conditions on the land, cannot be considered as 
an advisable type for regular road work, and is therefore 
not discussed for the dual purpose called for. 

In order to stand up to the road work the wheels of 
the tractor must be specially strong, though this natur- 
ally tends to increase of weight. It is true that, to save 
in the total weight of the tractor, light wheels might be 
adopted for work on the land, so designed as to be readily 
replaced by specially strong and heavy ones when the 
tractor is required to run on the road. In actual prac- 
tice, however, the inconvenience and time taken in chang- 
ing such wheels, together with their considerable extra 
first cost, would probably limit, if not ultimately elimi- 
nate, any advantage there would be in this proposition. 

All axles for road locomotion must be mounted on 
springs, and this can be readily done in the type of 
tractor adumbrated. 

A road engine, besides having all its weight sprung 
and the wheels of extra strong design, must in itself be so 
designed as to properly take care of the vibration set up 
by such duties. 

Land Grips.—As has been indicated, the projections 
attached to the rim of the drive wheels to obtain sufficient 
hold when plowing, are an important feature, and their 
design to obtain efficient working is one of no inconsid- 
erable difficulty ; the paths traced by three different forms 
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are shown in Fig. 6. The spuds must be of such size 
and form as to obtain effective hold on the land, and yet 
not set up too great an increase in rolling resistance by 
their shape; they should be self-cleaning, and so formed 
and fitted that, should the differential come into opera- 
tion and only one wheel revolve, no such side force is set 
up as may cause the tractor to slip sideways at right 
angles to its path. 

Generally the older forms of tractors, although they 
gave good service, do not appear to have received sufficient 
care in their design regarding the points discussed. They 
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frequently lacked the finished appearance of a complete 
design, owing to the apparently haphazard arrangement 
of the constituent parts, such as engine and gears, on a 
rolled section frame. 

Progress in this direction has undoubtedly taken place, 
as is shown by the light type of tractor now coming on 
the market, in which a separate frame is obviated, and 
it is obvious that the design was completed at one time 
by an engineer with an eve to appearance of the whole. 
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New York Marine Meeting 


N the evening of January 25 a Marine Meeting of 
() the Society was held in New York at the Automo- 

bile Club of America. Four addresses were made 
followed by four motion pictures showing the production 
of submarine chasers, and illustrating torpedo boats, 
aircraft, and the heavy duty Liberty motor trucks as now 
adopted by the War Department. 

The professional session was preceded by a dinner at 
which there were 162 members and guests in attendance. 
A list of their names appears on page 169. In addition, 
175 enlisted men of the U. S. Navy attended the meet- 
ing in a body. Following the meeting a buffet supper 
was served. 


STANDARDIZATION OF SUBMARINE CHASERS 


Standardization, as applied in the marine field, was the 
keynote of the meeting. The first speaker, Erwin Chase, 
took as his subject the standardization of motorboat 
construction, referring particularly to the standardization 
that was pursued in connection with the construction of 
the 550 submarine chasers for the British Government, 
the design of which was in his hands. Until recently 
there were no large orders for motorboats that would 
enable manufacturers to really standardize, and they were 
obliged to meet the individual requirements of purchas- 
ers. As it was necessary to fabricate the submarine 
chasers in this country and assemble them in Canada, 
standardization of both boats and fittings was found to 
greatly facilitate the work. They also found on the other 
side that it was a great advantage to have all these 
boats exactly alike so that whenever necessary to manu- 
facture new parts in order to make any alterations they 
would be sure to fit all of the boats. In wooden construc- 
tion of course it is impossible to build two boats exactly 
alike and the only difficult part of the standardization 
problem of the submarine chasers was to have reasonable 
tolerances at the vital points where various fittings would 
have to be applied. 

Mr. Chase concluded his remarks by stating that he 
favored more standardization. The designer heretofore 
has had to make up all his own specifications as there are 
no standard specifications for most of the materials that 
are used in motorboat construction and no individual can 
devote the proper amount of time to getting up elaborate 
specifications for each detail on a boat. The result is 
that there is much delay and confusion without standard 
specifications for the various parts. Mr. Chase referred 
to the work already done by the Standards Committee 
and said that the work which it is engaged in now, 
namely, the standardization of the coupling on the propel- 
ler shaft, and work along similar lines, will be a great 
help to the boat builders. ' 


Work or Marine Division 


W. S. Howard next told about the work of the Marine 
Division during the past year. Concerning the early work 
of the Marine Division he made the following remarks: 
“We went over the S. A. E. standards and adopted such 
things as had already been standardized that were ac- 
ceptable and applicable to marine work, such as metals, 
bronzes, rod ends, and some thirty-odd standards that 
had been in use in the S. A. E. At this time we laid out 
plans for battery work, couplings, shafts and propeller 
mouths. While there had been a great deal of work 
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planned ahead, the real work undertaken started with the 
power from the engine and went right through with 
the shaft to the nut on the aft-end of the propeller. 
We did not make any attempt to take care of the bear- 
ings or stern tubes at that time. This work resulted 
in some seven or eight tables and several drawings. 

“In order to standardize these things, it was neces- 
sary to call in the reverse-gear and the engine people, and 
agree on some manner in which the latter could have 
standard couplings on the aft-end of their engine shafts, 
and allow the reverse-gear manufacturers to make some 
form of coupling that would match this up. 

“As we proceeded with this work, we got uniform sizes, 
uniform bolt circles and number of bolts, and placed 
limits on them, and also code words and numbers, so that 
these could be ordered by number, and the numbers mean 
something. The first number refers to the diameter of 
the flange. We had the flanges run in whole numbers, 
such as four, five, six, seven, eight, nine and ten inches. 

“After the engine people and the reverse gear people 
were willing to consider these as accepted practice, we 
took up the aft-end of the reverse gear and arranged 
for a steel coupling to be mounted with a standard taper. 
These all have given lengths, given keyways, given bolt 
circles and given pilots. The pilot is always on the driv- 
ing end. The part that matches this is similar, except 
that it has an anchorage for the bolthead, and the tapers 
are held in place with washers and nuts. We made the 
clearance so that we had room for a socket wrench. After 
designing this part we realized that there were a great 
many cases where the small boatman could not go to 
the expense or he might not have the necessary equip- 
ment to fit a taper end. A good many small boat shops 
prefer to order their shafts slightly longer than they 
need and then cut them off and put them in straight in 
the coupling. Wishing to make this standard material 
as acceptable as possible to all of the trade, we made a 
substitute coupling of cast iron, having the same flange 
sizes, bolt circles and clearances, but the shaft sizes are 
smaller, which automatically takes care of the trans- 
mitted horsepower limits due to a cast iron coupling. 
The substitute coupling is a straight clamp coupling. 
It is cast solid, bored and reamed and then split into two 
halves held together on the smaller sizes with two bolts, 
and on the larger ones with four. These bolts are put in 
in opposite directions, so that the nuts will counterbal- 
ance. The heads are anchored, and the bolts cut slightly 
into the shaft so that withdrawing is taken care of and 
this design has the further advantage that it will take 
care of slight inequalities which always exists in rolled 
stock. 

“Going a little further, extension shafts have a clamp 
coupling, and after that we have the standard propeller 
mounts. Through the assistance of Commander Fisher I 
was brought in touch with the Chief of the Drafting 
Bureau of the Bureau of Steam Engineering, and I be- 
lieve we have settled all differences now as to such 
things as keyways, length of hubs, and separate nuts. 
In a short time, we intend to take up batteries and stand- 
ard arms, so that engines within a given horsepower will 
have a standard bed, and a boatman will know how to 
provide for the engine whether he knows what engine 
he is going to get or not.” 

The third paper was read by Captain A. P. Lundin 
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motorboats to 
Captain Lundin’s paper is printed on page 


covering the subject of the fitting of 
transports. 
170. 

Vice-president H. R. Sutphen, speaking as chairman of 
the Marine Division of the Standards Committee, deliv- 
ered the last paper of the evening on the subject of 
standardization of marine craft. Following are extracts 
from Mr. Sutphen’s remarks: 


STANDARDIZATION IN THE MARINE FIELD 


“The object of the Standards Committee has been not 
to standardize designs but to harmonize designs already 
made. I want to make that very clear, because some 
have objected to standardization—when the individual 
thoughts and efforts could perhaps be dwarfed. It is 
the Society’s idea to harmonize what already exists in 
practical standardization, which carries great weight 
with the public, because if there is nothing else that this 
war has taught the world, it has taught it standardiza- 
tion of machinery. Never before has the opportunity 
been afforded to carry standardization to the limits that 
we can do today, and particularly is this so in the marine 
trade, because heretofore boats were built and not manu- 
factured. Every manufacturer, builder and designer has 
wanted to embody his individual ideas, and that is per- 
fectly proper if we are to be satisfied, as we have been in 
the past, to do a small business. The first opportunity 
we had of duplicating in quantity was in the 550 sub- 
marine chasers built for the British Admiralty. 

“Standardization has enabled us to develop the man 
power which is so vital to our needs today. These sub- 
marine chasers were fabricated a thousand miles from 
where they were assembled. They were assembled by 
workmen of whom not 5 per cent could speak a word of 
English, and not more than 2 per cent had ever been 
near a boat yard before. The secret of that was simple. 
The design was so standardized, the parts were so man- 
ufactured in fabrication that the assembly became en- 
tirely mechanical, and we could teach it to any man will- 
ing to learn. 

“You are all interested in knowing what this has led 
to in boat work, and I think the work that my firm is 
engaged in, as an agent for the United States Govern- 
ment, of building 150 five-thousand-ton steel cargo ships 
by standardized methods will appeal to all. 

“You will remember the discussion last April of how 
to win the war. A thousand wooden boats was a dream 
of some man, and he wasn’t far wrong in the number, 
but, having had experience in handling wood in the small 
boats, we personally knew the limitations of standardiz 
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ing in wood, as wood will not “stay put” like steel after 
finishing a detail of fabrication. It will do much better in 
small sizes than in the large timbers used in ship con- 
struction. We suggested to the Government that instead 
of wooden ships they build steel ships. We evolved a 
plan for a ship using structural steel which, after care- 
ful investigation by the classification societies, Lloyds 
and American Bureau, was passed by them as one equal 
in every detail of strength and design and construction 
to the best ships heretofore built with ship steel. 

“We had to obtain a big organization at once, and we 
turned to the trades that we felt would be idle on ac- 
count of our entrance into the war—the building trades 
and the bridge companies. We have laid to date four 
keels of the 5000-ton ships, and would have laid more if 
the railroads had not interfered with delivery of our 
fabricated material. Forty-six shops all over the country 
are fabricating today the material to go into those ships, 
and every man in those shops realizes that he is doing his 
bit to win the war. Over 90 per cent of the material will 
be fabricated in these structural shops. The machinery 
has been thoroughly standardized and will come from the 
largest manufacturers of ship machinery. We there 
followed the line of least resistance in manufacturing, 
and, instead of the slow reciprocating engine, turned to 
the turbine. When the plant is going at Newark Bay at 
maximum capacity, our schedules call for one complete 
ship every two working days. 

“The man power is the vital thing. We have established 
schools to instruct these iron workers that have been 
accustomed to go to the heights of sky-scrapers and do 
classes of work there that the shipwright has never done. 
We will teach each man just one detail in which he will 
become proficient in a remarkably short time, as has al- 
ready been proved. 

“We are convinced that this work can be done as 
planned and only these methods can produce the bridge 
of ships which must connect Europe with America in 
the shortest possible time. The Government now recog- 
nizes this, and two other large fabricating yards have 
been established and will soon be under full headway. 

“Is is very fitting, I think, that our Society has 
entered into the work of standardization at this time. 
The great quantity of production offers great possibili 
ties, and I want, as I know my associates do,’ to have 
every one feel that any suggestions that can be made 
from time to time on subjects that the Marine Division 
should take up will be most welcome. 


We will not go 
along at a too rapid rate. 


We want to have these things 


talked over, back and forth.” 
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House Towing Two Onen Boats at Sea 


Fitting Motorboats to Transports 


By Carr. A. P. 


Marine MeetinGc Paper 


nowadays, so in a measure we can regard all our new 

ships as Uncle Sam’s war babies. But to take care 
of babies properly, doctors and-nurses are needed, else 
there may be trouble. So it will be well to bear in mind 
the proper manning of these ships, with navigators, engi- 
neers and seamen. 

Many landlubbers have a theory that “sailors,” from 
“aptains to deckhands, can be turned out as fast as hot 
cakes; or, in other words, that men to run ships can be 
trained like chauffeurs to run automobiles. 

Any man who has had experience in navigating knows 
that it takes more than theoretical knowledge. Besides 
the actual science of navigation we must also consider the 
importance of good judgment when approaching land, par- 
ticularly in thick or rough weather. Of course, sound- 
ings are made with the line, but a goad sailor must rely 
a good deal on his eyes, and even on his nose, and that 
so-called sea sense of an old tar is not learned in a school. 
It can be acquired only by years of actual experience 
at sea. 

What is true of the chart room and bridge also applies 
to the engine room, where it is sometimes a case of keep- 
ing the engine running even with a leak in the steam 
pipe and hot bearings in the engine. 

We may build a merchant marine in short order, but we 
cannot give officers and engineers the physical and mental 
Welin 
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training to meet all emergencies with the same record 
speed, so it is more important than ever to take due pre- 
cautions as to the floatege equipment—the lifeboats and 
rafts—so that in case of accident as many as possible 
of our valuable trained officers, seamen, and our soldiers 
on the transports, can be saved to serve their country. 

When it comes to saving lives, the best equipment is 
none too good, and results from observing the policy of 
“getting the cheapest” are often disastrous. The majority 
of builders follow the old principle of turning out the 
cheapest article possible that will pass the law. This 
generally leads to cutting prices and to “skinning” on 
the work. 

A few builders have tried to turn out the best article 
possible, but they are handicapped by the more cheaply 
constructed articles, for it is difficult to convince ship- 
yards and operators of the advantage to be ggined by) 
paying a little more and getting better equipment. 

The safety of all on board does not depend on the life- 
boats alone, but also on the chocking and stowing, the 
davits, the releasing gears—in fact, on the merits and 
efficiency of even the smallest detail of the equipment- 
and last, but not least, on the drills, which should be 
carried on frequently, and under conditions as nearly 
as possible like those that obtain in case of accidents at 
sea, so that sailors and soldiers, as well as passengers, 
may grow accustomed to the handling of the lifesaving 
apparatus under strain of excitement. 
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Mechanical Davits 


I consider mechanical davits a necessity; this was rec- 
ognized in the rulings made some years ago by the Inter- 
national Conference on Safety of Life at Sea. And it 
must be a mechanical davit that permits the swinging out 
of loaded boats, keeps them under control at all times 
during launching, and, above all, with sufficient power so 
that the boats on the high side of the ship, in case of a 
list, will not be useless. Moreover, it must be simple to 
operate, and have no intricate parts that can be put out 
of business by weather conditions at sea. 

The chocking is also important, and even seconds count 
when it comes to releasing the boats in time of danger. 
Before the war, when passenger traffic was heavy, our 
ocean liners had to carry “boats for all’ and to save deck 
space the so-called pontoon boats, built of flimsy mate- 
rial, were stowed under the regular lifeboats. But this 
type of boat is not strong enough to support the open 
lifeboats without extra heavy chocks, made up with the 
help of beams, stanchions and bolts. Of course, it takes 





30-Fr. Moror LIFEBOAT BEING STOWED OUTSIDE Nest oF Two OPEN 
BoaTs 

a long time to release such boats, and even at best they are 

not reliable for lifesaving. 

I much prefer a light raft to these folding contraptions, 
because the former can be thrown overboard easily, if 
it comes to the worst, and will serve as an emergency 
support for those who are swimming or floating about 
with only a life preserver to save them from drowning. 


Motor Lifeboats 


Under present conditions, I consider the motor lifeboat 
the most important of all modern improvements in the 
field of lifesaving equipment. A couple of years ago a 
new law was passed that all passenger ships under the 
American flag should be equipped with at least one motor 
lifeboat, but in my estimation it is just as important 
that every cargo ship should be equipped with one like- 
wise. 

Even today there is a difference of opinion among cap- 
tains, navigators, and seamen generally, as to the value 
of a motor lifeboat. The reason for this may be sought 
in human conservativeness when it comes to new things, 
and in this respect the sailor is apt to be as cautious as 
the landsman. However, in a heavy sea, a properly con- 
structed motor lifeboat is as far ahead of a regular life- 
boat propelled by oars as a big automobile truck is ahead 
of a pusheart on land. 





TESTING 30-F?T. Motor LIFEBOA’ RIGHTING ITSELF WITHIN 20 See 
roM TIME Ir Was Bottom Ut AFTER BEING CAPSIZED 


The ideal motor lifeboat should be so constructed that 
it can be launched under davits and also without davits; 
in case the ship sinks quickly, the crew can get into the 
cabin of the boat, close the doors, and when the ship goes 
down the boat will take care of itself. It should be built 
of steel, with large, thick balsa wood fenders so 
that it cannot be crushed in. The beam should be 
at least one-third of the actual length, and there should 
be a great deal of excess buoyancy, so that it cannot be 
swamped or capsized. Even if it should turn over—which 
might occur if it were hit by a spar or smokestack with 
tremendous force—it could soon right itself. 

In order to build an efficient boat it will necessarily 
be large and heavy, and it would be almost impossible to 
handle it with oars in a heavy seaway. Besides, if such 
a boat nas power equipment, it will become a mother ship 
to the other lifeboats, which can be towed and kept to- 
gether, instead of drifting over the ocean and getting 
lost. The motor lifeboat can carry more food and pro- 
visions than the others, and can thus help them out; 
when the weather is stormy and cold, the people in a 
housed motorboat will be protected against the sufferings 
due to exposure to wind and sea. 





INTERIOR OF 30-FT. Motor LIFEBOAT, EQUIPPED WITH 20-24-HP., 
41-CYLINDER, STANDARD ENGINE. AVERAGE SPEED 7 M.P.H 
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A motor lifeboat does not. have to be a boat of high 
speed, and in choosing the engine I advocate the heavy- 
duty type, which is more reliable. The engine should be 
well protected in a separate steel trunk, so as to insure 
against engine trouble from the effects of salt water. 

The propeller should also be protected, preferably in a 
tunnel, so that it will not easily get bent or twisted out 
of shape, as when the boat is being launched or floated 
off. I consider this important, even to the extent of sac- 
rificing a little speed. 

For the average freight ship I recommend a boat from 
26 to 33 ft. in length; in most cases this boat would take 
care of the entire crew. A 28-ft. boat for the smaller 
freighters would have a capacity of from forty to fifty 
persons, and in emergencies could carry double the num- 
ber. 

Its fuel capacity is about 150 gal., which, with a 24-hp., 
heavy-duty engine, would carry it about 300 miles at a 
speed of from six to seven miles per hour. 

The total weight of such a boat would be about 9000 
lb.; and, considering that we have davited without trouble 


boats of from 40 to 50 tons, this could be readily taken 
care of as far as launching is concerned. 

Of course, such boats are somewhat expensive com- 
pared to the ordinary lifeboat, but even if-they cost a 
few thousand dollars what does it matter if by their use 
a few more lives can be saved? And actual lifesaving 
should be the prime consideration to those entrusted with 
the equipment of our ships. 

Insurance companies and underwriters keep an accu- 
rate record of improvements in fire-extinguishing appa- 
ratus, pumps, boilers, and engines, just as architects 
and fire underwriters for buildings have a most explicit 
rating on fire-protection and elevator systems, yet the 
former are concerned only with the cargo of ships and 
the saving of property, whereas little attention is paid 
to the kind or quality of lifesaving equipment carried on 
the ships to safeguard the crews. Considering the fact 
that our Government is now taking the lead in under- 
writing the lives on ships that cross the “war zones,” I 
think it would be well for all concerned with the matter 
to do their bit toward avoiding loss of life. 


CONTRACTS FOR GROWING CASTOR BEANS 


N view of the heavy demand for castor oil as a lubri- 
poe for aeronautical engines, it is believed that the 
following excerpts will be of interest to some members of 
the Society. They are taken from a recent announcement 
of the Bureau of Plant Industry of the U. S. Department 
of Agriculture. 

The Chief Signal Officer of the Army, Washington, 
D. C., has contracted for a large acreage of castor beans 
throughout the Southern States. The entire acreage 
allotted has been contracted for. No contract was written 
for less than one hundred acres, since small contracts 
would involve too much Government supervision. 

Small planters have been encouraged to contract with 
the nearest large contractor having the necessary au- 
thority to make sub-contracts. Sub-contractors can ob- 
tain seed direct from the nearest large contractor whose 
name will be furnished upon application to the Chief 
Signal Officer, Equipment Division, Castor Oil Section, 
119 D Street, Northeast, Washington, D. C. 

If it is desired to grow castor beans for the open 
market, for which it is believed there will be a demand, 
seed for planting may be obtained at a reasonable price 
from the Baker Castor Oil Company, 120 Broadway, New 
York City, of whom the Government has purchased its 
seed requirement. 

Castor Bean CULTURE 

For the commercial production of castor beans, the 
warm climate and longer growing season ef the more 
southern states is necessary. If planted much further 
north than St. Louis, Mo., or Washington, D. C., the crop 
is very likely to be caught by frost. In general, any 
fertile soil which produces good crops of cotton or corn 
is suitable for castor beans, but a very fertile soil favors 
the growth of the plant at the expense of seed produc- 
tion and early maturity. The land is prepared in much 
the same manner as for cotton or corn: that is, plowed, 
disked, and harrowed level before planting, which may be 
done by hand or with a corn planter with specially pre- 
pared plates. The seed should be planted early in the 
spring as soon as the soil is warm, but still moderately 
moist. The time of planting varies according to locality, 
but in general corresponds to that of cotton. A good 
time for planting in central Oklahoma would be about 


the first of May, and correspondingly earlier in localities 
to the south. In central peninsular Florida, conditions 
will probably be suitable any time after the middle of 
March. 

In planting for commercial purposes a distinction 
should be made between the ornamental and the oil-pro- 
ducing varieties. The seeds of the latter are small to 
medium in size, usually about 2/5 to 3/5 in. long and 4 
to 2/5 in. broad, oval in shape, smooth and shining, and 
of a gray ground color, irregularly marked with brown. 
The most desirable beans run from about 69,000 to 115,- 
000 per bushel of 46 pounds. 

The number of acres a bushel of beans will plant de- 
pends upon the size of the bean and the method of plant- 
ing. The larger size beans will plant from 6 to 20 acres 
per bushel, depending upon local conditions. 

It is claimed that a man giving his whole attention to 
the crop can manage from 5 to 10 acres during harvest, 
and that two men together can handle 10 to 15 acres 
and attend to other necessary work in connection with 
drying and cleaning the beans. 

The yield will depend much upon cultural conditions, 
upon the season, and the care exercised in harvesting and 
thrashing the seeds. Yields of 30 to 40 bushels per acre 
have been reported from Florida, South Carolina, Georgia, 
Texas and California. In the Middle West yields of 15 
to 25 bushels per acre have been reported under favorable 
conditions. Much smaller yields will, of course, result if 
conditions are unfavorable. 

Hicu Prices For Castor O1n* Durinc War 

Until recently the farm price for castor beans has been 
not far from $1 per bushel. The increased demand for 
castor oil due to war conditions has caused the price of 
the beans to advance rapidly, and it is probable that high 
prices for castor beans will prevail until the end of the 
war. The normal market requirement in the United 
States for castor beans is about 1,000,000 bushels annu- 
ally, but until present conditions change materially, a 
larger quantity will be needed. 

Owing to the heavy outlay required for the necessary 
machinery and the high cost of manufacture on a small 
scale, it has not been found profitable for the growers of 
castor beans to undertake the extraction of the oil. 
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NAVY AIR SERVICE DEVELOPMENT 


N his annual report for 1917 the Secretary of the Navy 

makes the following observations concerning the de- 
velopment of the Navy air service: “In my report a year 
ago I was compelled to state that ‘the development of air 
craft in the Navy has not progressed as rapidly as its 
usefulness demands.’ During the past year there has been 
an enormous expansion and development of the naval air 
service which may be said to date from the passage of the 
naval act of August 29, 1916. The appropriations for 
aviation for the Navy since July 1, 1916, have been $67,- 
633,000. Up to this time naval aviation had been almost 
entirely in the experimental and development stage, and 
there were comparatively few officers who were aviators. 


* * * * 


“To build up a flying personnel was necessarily a pri- 
mary requirement and for this purpose the flying school 
at Pensacola was enlarged and reorganized, and seaplanes 
constructed in quantity of a type suitable for instruction 
purposes, incorporating all safety features known to the 
art at that time. The design of this school seaplane was 
outlined by the department and arrangements made with 
a contractor for its supply. Other builders were encour- 
aged to develop improvements, and the department now 
is able to purchase satisfactory school seaplanes from 
at least four builders. 

“The supply of school seaplanes is now considered ade- 
quate to meet the needs of all of the training stations. 

“To broaden the training and to bring in new ideas, 
men have been sent to France, England, and Canada for 
fiving instruction. 

“As the training of men progressed, every effort was 
made to develop seaplanes of greater power and endur- 
ance for service use. This development has been badly 
handicapped by lack of a suitable high powered Ameri- 
can engine, but eventually one builder succeeded in de- 
veloping a 200-horsepower tractor seaplane largely under 
the encouragement and assistance of the department. 
Seaplanes of this type were then supplied in quantity to 
the coastal air stations which were established after the 
declaration of war and are available for operation from 
these air stations. 

* * %** 


“The so-called Liberty engine developed by the Air- 
craft Board gives every promise of providing an adequate 
power plant for service type aircraft. The engine has 
been installed in a seaplane and in a flying boat and the 
preliminary tests have been quite satisfactory. 


* * * * 
Flying Boat a Success 


“Eliminating types which had been tried and found un- 
suitable, the department fixed upon two sizes of flying 
boats for foreign duty, which had been perfected in the 
United States in anticipation of a high-powered engine 
becoming available. For sea work, foreign opinion at the 
present time, as well as our own, strongly favors the fly- 
ing boat. This type is an American conception and it is 
a satisfaction to be able to state that here, at least, Amer- 
ican designs have been well to the front and that it is 
not necessary to copy foreign patterns in order to insure 
our flyers being supplied with the best. It may be stated 
with confidence that at the present moment we have an 
American flying boat actually flying with an American 
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engine which is unexcelled by any foreign craft of the 
type. 


* *% * * 


“The ship launching-catapult for seaplanes has been 
successfully demonstrated. 


Dirigibles Designed and in Use 


“Observing the growth of the submarine menace it be- 
came clear that every weapon should be developed for and 
against it. Airships or dirigibles of modern European 
type have never been constructed in the United States, 
but from such information as was available a design of 
a coast-patrol type was prepared in the department and 
a number of units have been successfully completed by 
several companies. A training school for dirigible pilots 
was established in Ohio, and a number of officers have be- 
come skillful operators. Coastal dirigible stations are 
being established from Massachusetts to Panama. 


* * * * 
Construction Program 


“With the entry of the United States into the war the 
demand for aircraft from the War and Navy Depart- 
ments necessitated an enormous expansion of production 
facility. As a part of this expansion the department un- 
dertook to build and equip a naval aircraft factory at the 
Philadelphia Navy Yard. Within 90 days from the date 
that the land was assigned the factory was erected and 
the first flying boat keel laid. 

“The Aircraft Production Board, now the Aircraft 
Board, has assisted the department with its larger con- 
tracts and arranged to make available for the Navy in- 
dustrial resources to meet the next year’s program. Five 
private plants are devoted entirely to Navy work, and a 
large proportion of two other plants are assigned to the 
Navy. 

*% 


Cooperation in Aircraft Development 


“In the course of the year the department in its aero- 
nautical work has enjoyed the full benefits of the ‘assist- 
ance of other governmental agencies. There has been the 
closest cooperation with the War Department, with very 
practical results in elimination of conflict in obtaining 
material and in standardizing specifications. The Bureau 
of Standards, Forest Service, the Naval Consulting 
Board, and the Advisory Committee for Aeronautics, and 
various committees of the National Research Council 
have been called upon in connection with several perplex- 
ing problems which presented themselves. 

“The Aircraft Board recently legalized and taking its 
membership, one-third from the Army, one-third from the 
Navy, and one-third from civil life, is continuing the ex- 
cellent work done by the Aircraft Production Board 
which developed the Liberty engine. The Army and 
Navy members consist of the officers who have charge of 
aeronautical matters in their respective departments, and 
the board operates under the direction and control of the 
Secretary of War and of the Secretary of the Navy. Thus 
in all matters affecting the present gigantic problem of 
aircraft production and in dealing with the aircraft in- 
dustry generally the two services act as a unit. In ad- 
dition, there is a joint Army and Navy technical board 
which passes upon all new designs for either service. 
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eath of Sir John W. W. Barry 


: FATHER OF STANDARDIZATION 


N Jan. 22, Sir John Wolfe Wolfe-Barry, K.C.B., 

LL.D., F.R.S., widely known engineer, died in Lon- 

don. Although he had gained an international 
reputation as consulting engineer to many railways and 
public works corporations, as Royal Commissioner on sev- 
eral important projects, and as a leader in engineering 
society and education circles, the chief interest in his 
career to the S. A. E. is found, perhaps, in the fact that 
his influence was largely, if not principally, responsible 
for the inception of mechanical standardization as it is 
known today. 

The outcome of his proposals is well described in the 
following statement* by the secretary of the Engineer- 
ing Standards Committee of the British Association. 

“The movement, as represented by the Engineering 
Standards Committee, the greatest voluntary effort of its 
kind, in which public spirit has been so lavishly shown, 
was founded in 1901, through the initiative of Sir John 
W. W. Barry, K.C.B. In January, 1901, he laid the 
matter as affecting the engineering trades of the country 
before the Council of the Institution of Civil Engineers, 
with the result that a committee was appointed to con- 
sider the question of standardizing various kinds of iron 
and steel sections. The committee reported favorably on 
the project, and the Council of the Institution of Civil 
Engineers adopted the report, and the cooperation of the 
five leading engineering institutions of the kingdom: 

The Institution of Civil Engineers, 

The Institution of Mechanical Engineers, 

The Institution of Naval Architects, 

The Iron and Steel Institute, 

The Institution of Electrical Engineers, 
was subsequently secured. The original reference to the 
committee was enlarged by resolution of all the councils 
of the supporting institutions, and full power was con- 
ferred on the committee as to publication and the best 
manner of giving effect to their findings. 

“Thus from a single committee, consisting originally 
of seven members, appointed to discuss the advisability 
of standardizing rolled sections and rails, has grown the 
present far-reaching organization, with its 64 committees 
and sub-committees, as well as numerous panels, includ- 
ing, in all, well over 500 members freely giving their 
time and experience, often at great personal inconveni- 
ence, and dealing with subjects embracing practically the 
whole of engineering practice.” 

Sir John W. W. Barry’s own ideas on standardization 
and his own account of his connection with the subject 
were presented in a lecturet entitled Standardization and 
Its Relation to the Trade of the Country, delivered at 
Glasgow before the Institution of Engineers and Ship- 
builders, some years ago. The lecture has been aptly 
referred to as in many respects the Magna Charta of 
standardization in mechanical engineering design and 
construction. The passages below taken from the lec 
ture are of live interest today: 

“Up to recent years there has been comparatively little 





*Paper read before Section G of the British 
ported in Engineering, Sept. 8, 1916 

+The lecture appears in more omplete form i1 he S. A. ] Bul 
letin, Vol. ITI, No. 1 


Association and re- 


effort toward the realization of engineering standards. 
Since Sir Joseph Whitworth, in 1841, made a notable step 
with his standards of screw threads, very little was done 
in the same direction for sixty years, although the bene- 
fits which he conferred are still conspicuous and unques- 
tionable. The want of some systematic dealing with the 
whole subject of engineering manufactures was borne in 
on myself, as it must have been on very many, when in the 
early stages of my professional career I was personally 
engaged in designing and specifying various kinds of 
structures and materials—and I have felt the necéssity all 
my life of some systematic treatment of these subjects. 

“That some effort to systematize design and production 
of component parts should be made had been, as I said, 
long in my mind but it received a great stimulus in 
1897 from some remarks of the late Lord Salisbury to 
an important scientific deputation, which resulted shortly 
afterward in the establishment of the National Physical 
Laboratory. 

“In January, 1901, I accordingly, but with some trepi- 
dation as to the result, moved in the Council of the Insti- 
tution of Civi] Engineers a resolution that definite action 
should be taken by them to draft standard forms for iron 
and steel sections. Some difference of opinion was evi- 
dent on the subject in certain important quarters, the fear 
being that it would be a step toward the discouragement 
of individuality of design, and that there might be a 
tendency toward a stereotyping of forms which ought to 
be varied to meet requirements as they might arise. On 
the other hand, it was pointed out: first, that the system 
proposed was not of a nature which could affect the design 
of the assembled parts in a bridge, roof or ship, in which 
the individual mind would have as full play as ever; and 
secondly, that the idea proposed was not the adoption of 
standard forms once for all, but that a cardinal point of 
the idea was that some commitee of qualified persons 
should be instituted, who, after dealing with the subject 
at one particular epoch, should have a continued exist- 
ence in order to discuss, and, if approved, adopt as addi- 
tional standards, forms which from time to time were 
shown to be proper and desirable. 

“It also became apparent that the engineering industry 
of this country would profit considerably in many direc- 
tions if standardization on a judicious scale were initiated 
in the nature of the materials as well as in the form 
of manufactured articles. The many specifications differ- 
ing often in unimportant and trivial details were in man) 
cases involving much increased cost without correspond- 
ing advantage to the purchaser in the article produced.” 

Sir John Wolfe Wolfe-Barry was born Dec. 7, 1836, 
the youngest son of Sir Charles Barry, R.A. He was 
educated at Trinity College, Glenalmond and King’s Col- 
lege, London. In 1874 he married Rosalind Grace Row- 
sell. He had four sons and three daughters. He was a 
member of the Senate of London University, Governor 
of the Imperial College of Science and Technology, Past- 
president of the Inst. of Civil Engineers, a member of 
the Inst. of Mechanical Engineers and of other societies 
and author principally of books pertaining to railway 
subjects. 
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PROPOSED SYMBOLS FOR ELECTRICAL CIRCUITS 


BOUT a year ago the Standards Committee of the 

American Institute of Electrical Engineers ap- 
pointed a Sub-committee on Symbols. This was at the 
request of the British Engineering Standards Committee 
which was then actively considering the question of 
standardization of symbols. 

In a memorandum the sub-committee has stated its 
opinion as follows: 

—A symbol should be as simple as possible. 

—It should conventionally convey, insofar as pos- 
sible, what it is intended to represent without 
making a picture. 

3—A more general use of letters and abbreviations 
in connection with symbols, as shown in the 
accompanying list, is advisable. 

The committee recommends that the following list be 
adopted by the Institute for use in its Transactions and 
that from time to time this list be increased until the 
field is well covered. In general the proposals follow the 
British and Italian symbols. 


l 
2 


|-Meters 2-Fuses 


| 
) 3-Knife Switches 


$i 


f 


ig ee 


5 & 6- Resistances 


VIAN 


—=© 


4-Oil Switches 


8-Reactances 


VIA Vv 
200000200 / 


~2000%0000- 


1. Meters—Recommended that symbols for all classes 
and types of meters be represented by a circle with the 
necessary letters within the circle to indicate its use. 
If used in connection with a diagram, that dots be added 
for connections. 


») 


2. Fuses—There are two types of symbols generally 
shown for fuses; one of them is the letter “S” connecting 


two dots. This evidently was originally supposed to be a 


picture of the lead wire fuse twisted around two binding 
posts. The other symbol in general use is the picture 
of the cartridge fuse. The committee recommends the 
adoption of the first type. It is easily and quickly made 
and represents all kinds of fuses. 


3. Knife Switches—There is an endless variety of knife 
switch symbols. The English symbols are the simplest, 
easiest to make and indicate the live and dead side of the 
switch. This is accomplished by designating the ter- 
minals as a black circle on the dead side of the switch and 
as a full circle on the live side. The adoption of this 
method is recommended. 


4. Oil Switches—Oil switch symbols are innumerable. 
It is recommended in the interest of simplicity that ex- 
actly the same symbol be used for oil switches as knife 
switches, with the addition of a rectangle or square 
around the whole switch, including the terminal, follow- 
ing the same method as indicating live and dead side. 

5. Resistances—The symbol for resistance is usually a 
zigzag line, although there seems to have crept in a modi- 
fication of this, which is evidently intended to represent 
an iron grid. The committee recommends that this be 





TRheostat \4-Batteries 
Primary 
9-Lights 
. 
Incan. Arc 


Secondary 


H)- Shunt Motor DC. 
— C6 }>— Comp. Gen DC. 
Squirrel Cage 
Motor 3@ 
—(") Single Phase 
Motor 
=s) Three Phase 
AC.Gen. . 
"o= Rotary Converter 
=@= Frequency Changer 


(6) >) Motor Generator Set 


abandoned and the simple zigzag line be used for all 
resistances. 


tl 12... ate 


6. Adjustable Resistances—Adjustable resistance to be 
similar to resistance with indication of traveling shoe, as 
shown. The use of these two symbols should be confined 
to diagrammatic representations of resistances separately 
used or in circuits and should have no indication of the 
type of resistance which is under consideration. 

7. Rheostat—As it is sometimes desirable to indicate 
the presence of a rheostat as a piece of apparatus, the 
committee recommends the adoption of the symbol as 
shown. 


8. Reactance—This was found to be universal, and the 


_ 
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adoption is recommended of the well-known symbol as I5-Condenser 
shown in No. 8, with the addition of a sliding shoe when 
necessary to indicate that it is adjustable. ae a 20- Relays 
9. Lights—Incandescent lamp as shown. Arc as 17 Liqahtnin 
shown. Arve ster 9 


10. Drum Controller—As shown. 

11. Motors. 
< 12. Generators. 

| 13. Converters, etc. There seems to be no uniformity 
whatever in the symbols indicated for these common types 
of machinery; they vary from elaborate pictures to dia- 
grams, showing the internal connections to a simple cir- 
cuit with the initials. The committee recommends that 
the English symbols be adopted, as in all cases it is 
evident from the symbol what the machine is. This in 
a measure follows recommendations for meter symbols. 

14. Batteries—The conventional symbol for batteries 
is well known; it is recommended that its use be con- 
tinued. However, there should be a simple means of 
designating either a primary or secondary battery and 
the following is suggested: Primary batteries to be indi- 
cated by parallel light and heavy lines; secondary bat- 
teries by the same with the addition of a rectangle, as 
shown. 

15. Condensers—As shown. 

16. Circuit Breakers—There are many symbols in use 
for circuit breakers, one an elaborate drawing of the cir- 
cuit breaker. Example, that of the Patent Office. There 
is a tendency in others to show the kind of contacts. It 
is believed this should be simplified and several symbols 
be adopted for the various types of circuit breakers. The 
committee makes no recommendations for these at the 
present time. 

17. Lightning Arresters—Two symbols recommended 
for lightning arresters, one for liquid cell and the other 
for the gap, as shown. 

18. Earth Connection—As shown. 

19. Meter Shunts—As shown. 

20. Relays—The representation of relays by symbols is 
in practically the same state as circuit breakers, and the 
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committee recommends that the same system for relays 
be adopted as shown for meters, with the exception that 
a rectangle be substituted in place of the circle and suffi- 
cient letters added to indicate type and function of the 
relay. 

21. Conductors Crossed Without Making Contact and 
Conductors Making Contact—As shown. 


COMMENTS ON SYMBOL STANDARDIZATION 


Above are suggested symbols for the details of electri- 
cal circuits. On page 240 of the October, 1917, issue of 
THE JOURNAL appears a list of symbols for mechanics 
and hydraulics proposed by the Committee on Technical 
Nomenclature of the Society for the Promotion of Engi- 
neering Education. 

Both of these sets of symbols were submitted to the 
members of the S. A. E. Standards Committee, with re- 
quests for constructive criticism. From the replies which 
have come in to date the following comments are quoted. 

Space will not permit giving the replies in full, or of 
even referring to the comments that are of a general 
nature. However, it can be stated that nearly all the 
replies commend the idea of symbol standardization as a 
means of simplifying teaching and of saving time for 
those who read technical literature and refer to technical 
textbooks and reference books. 


ELECTRICAL CIRCUIT SYMBOLS 
“The motor symbol in 11, 12, 13, etc., should show 
sliding brushes (that is, hook-shaped terminations to the 
wires) for the D. C. connections, instead of solid brushes, 
inasmuch as the sliding brushes are easier to draw, and 
cannot be mistaken for A. C. connections, as might 
be the case with the suggested D. C. symbols should 


the heavy black part of the brush be carelessly drawn.” 

“It is recommended to insert a small x in the center 
of the circle representing incandescent lights (symbol 9), 
inasmuch as the circle is also used for several other sym- 
bols, such as connections between conductors, termi- 
nals, ete. 

“Referring to the wiring diagram, symbol 21, the old 
style of bridging across was plain and simple and satis- 
factory.” 

All of the above suggestions are worthy of serious 
consideration, and it is hoped that any further sugges- 
tions for changes in or additions to the list will be sub- 
mitted to the Society promptly, in order that they may 
in turn be transmitted to the bodies which have these 
matters under advisement. 


MercHANIcS AND HyprRAvULics SYMBOLS 

“With reference to v for linear velocity and V for 
volume, there is opportunity for confusion, in view of 
the fact that in the aeronautical field at the present time 
several very highly specialized works have been written 
in which the symbol V is used to denote velocity. More- 
over, this symbol is so used to as great an extent as in 
any other branch of mechanical science.” 

“The Greek letter alpha («) for angular acceleration 
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is too nearly like the letter a, the symbol for linear accel- 
eration.” 

“Inasmuch as the capitals HP have always been used 
in the past to designate horsepower, we believe this would 
be better than the new symbol suggested (H,).” 

“It would be less confusing to employ the Greek letter 
Mu (u) instead of f to denote coefficient of friction, as 
f, in mathematics, is the symbol for ‘function,’ and many 
textbooks on mechanics employ it for denoting deflection 
of beams.” 

“Capital E is preferable to small e for expressing effi- 
ciency, as e is already needed to denote eccentricity of 
load; it has other significations, as well in mechanics as 
elasticity, and coefficient of restitution. In thermody- 
namics, the numerous efficiencies are all designated by E 
as a capital letter. Efficiency is the ultimate resolution 
of every engineering problem, and therefore merits a 
capital letter symbol.” 

“Instead of small w, the Greek letter Omega (w) is 
advisable for angular velocity. In mechanics it is uni- 
versal, and confusion would be caused by changing it; 
besides, small w is frequently used in books on mechanics 
and strength of materials to designate unit load.” 

“The following changes are suggested: Substitution 


of J, for J for the polar moment of inertia, and the sub- 
stitution of the Greek letter Rho ¢ for the radius of 
gyration instead of k.” 

“There appears to be an undue aversion to Greek sym- 
bols, only one being included in the whole list. A consid- 
erable portion of the Greek alphabet is in common enough 
use among engineers to justify their retention as a stand- 
ard, and the substitution of w for w and f for u, for angu- 
lar velocity and coefficient of friction respectively, can 
only be viewed with misgivings; w, in particular, should 
be retained to denote a subsidiary weight, or increment 
to the weight W.” 

“From an aeronautical standpoint, T is the accepted 
symbol for propeller thrust, Q being used for torque in 
this connection, and it seems that if it is desired in some 
quarters to keep T for torque the aeronautical notation 
should at least be put forward as an alternative.” 

NoTE.—In the original list, published in THE JOURNAL 
last October, there were two typographical errors, viz.: 
The use of capital Y as the symbol for deflection of beam, 
and the use of alpha « for angular acceleration. For the 
former symbol, small y should be substituted, and « should 


be omitted, as this symbol was not finally agreed upon by 
the committee. 


Development of War ‘Tanks 


constituted in October, 1915, was divided into an 

infantry, a cavalry, and a motor branch, according 
to an article in The New York Times. Six months later 
a new section was formed at Bisley. The men for this 
new section were taken from the pick of the Derby re- 
cruits; for the junior officers two Colonels went on a 
voyage of discovery to cadet battalions and other units 
and selected promising young men with a knowledge of 
internal combustion engines who had given proofs of an 
adventurous spirit and of ability to make men move. 

The name given to the new organization—the Heavy 
Armored Section of the Motor Machine Gun Service— 
only deepened the mystery, as there were no signs of 
cars, armored or unarmored, and the only training given 
to the men was foot drill and machine gun practice. 

At first sight the armored car appeared little more 
than a huge shapeless bulk of metal. It was said to 
weigh some forty tons, was armor-plated all over, with 
tiny spyholes at intervals, from some of which peeped 
out murderous-looking gun muzzles, and had no visible 
means of progression except two small motor wheels 
attached like a tail behind. The wheels behind were 
found to act only as a rudder to direct its course, the 
propulsive force coming from some internal and invisible 
wheels that traveled over long endless metal tracks, ex- 
tending in an elliptical shape from the snout to the rump 
and moving forward as the creature advanced. The pace 
at which this strange object moved was slow—barely 
three miles an hour. 

In the autumn of 1914, when the opponents had settled 
down to trench warfare, it became obvious that some 
means of parrying the danger of well-directéd and well- 
protected machine gun fire from the German trenches 
must be discovered if our infantry were to carry out 
assaults with success. The idea of a self-propelled ar- 


[x Machine Gun Corps of the British Army as 


mored car which could move unscathed over unprotected 
ground, could crush down wire entanglements, and carry 
guns with a crew to work them, occurred to several people 
both in the army and the navy. Such an engine, recalling 
the turris mobilis of Livy and the beffroi of the Middle 
Ages would not only be able to tackle troublesome ma- 
chine guns in the German trenches, but would also help 
to clear a way through barbed wire obstacles for the 
infantry. 

Among the earliest of the more practical suggestions 
was one by Colonel Swinton, the first commanding officer 
of the “Heavy Section,” in October, 1914, to build ar- 
mored cars on the Holt tractor system, an American 
invention, or on a similar caterpillar principle, to smash 
through wire entanglements and climb trenches. This 
idea was subsequently referred to the Committee of Im- 
perial Defense and the War Office, and experiments with 
various tractors were made on behalf of the War Office, 
for some time without practical result. In the meantime 
a similar idea had occurred to officers in the Royal Naval 
Air Service, and Mr. Churchill, then First Lord, took it 
up warmly. 

When in June, 1915, the Commander in Chief in France 
sent in a memorandum urging an exhaustive examination 
of the question, two State departments chiefly concerned 
had the matter well in hand. Moreover, the Ministry of 
Munitions, which had recently been established, was also 
considering the matter. Through the medium of the 
Committee of Imperial Defense the various efforts for 
the solution of the problem were coordinated, and a com- 
mittee, of which Mr. Churchill was a member, was ap- 
pointed to decide on the distribution of the work. 

According to the recommendation of this committee 
the War Office laid down the conditions that had to be 
fulfilled by the car. It should be able to climb a 5-ft. 
parapet and cross a 10-ft. ditch; in weight and width it 
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had to conform to the measurements of standard War 
Office bridges and to railway transportation require- 
ments, and it must not be too high, for reasons of visi- 
bility to the enemy; it must be protected against close- 
range rifle and machine-gun fire, and it must be able to 
destroy machine-gun emplacements. It was agreed, how- 
ever, that the first experimental work should be left in 
the hands of the Admiralty Committee. 

A year was spent by the Admiralty Committee in re- 
searches and experiments before a satisfactory machine 
was designed and constructed. Finally, from among the 
tractors inspected the most satisfactory was found to be 
a caterpillar tractor with an endless self-laid track, over 


which internal driving wheels could be propelled by the 
engines. 


The construction of these new engines of warfare was 
still necessarily a slow business. Improvements were 
continually being adopted, which necessitated changes in 
the original designs, and men had to be specially trained 
in the factories for the work required. It was not, 
therefore, as we have seen, till about July, 1916, that the 
first consignment arrived at the secret manoeuver ground 
to meet the personnel which was to use them. 


The new machines, as delivered at the secret camp, 
were found to be of two slightly different designs. One, 
called the male, was armed with two Hotchkiss quick fire 
guns, with a subsidiary armament of some machine guns. 
These were especially designed for dealing at close quar- 
ters with the concrete emplacements for the German 
machine guns. The other type, called the female, was 
armed only with machine guns, and was more suitable 
for dealing with machine gun personnel and riflemen 
than with the emplacements. 


The members of the Heavy Section of the Machine Gun 
Corps had to learn how to drive and steer them, to repair 
them, and to fire off their guns when boxed up within 
their narrow compass; they even had to learn how to 
live at all inside them. Imagine a narrow cabin some 
9 or 10 ft. wide, 13 ft. long and 4 ft. high into which 
had to be crammed an engine of over 100 hp., two guns, 
and three or four machine guns, provisions for three 
days, ammunition and equipment, besides a crew of sev- 
eral men. The noise made by the engine made it impos- 
sible to hear an order, consequently every communication 
had to be made by signs; the armor plating was so effec- 
tive that one could only see for steering or for aiming 
the guns through the narrowest chinks; the motion, too, 
of the tank over rough ground was not unlike that of a 
ship in a heavy sea, and this motion, combined with the 
smell of oil, the close atmosphere, the heat and the noise, 
was at first apt to induce the same symptoms as some- 
times afflict those uninured to sea-voyages. 

Two exhibition combats with tanks over the trench 
system were prepared, one being held before General 
Staff officers, the other before the King. These showed 
that the tanks answered the purposes for which they had 
been designed, and orders were given for 
made ready for France. At the end of August fifty 
tanks were loaded at night on the railway at the camp’s 
private siding and sent off to France with all due pre- 
caution for secrecy. They were landed at Havre on 
Aug. 29 and went up to the front, some by road, others 
by railway. 
for the purpose of concealment with weird colors which 
added to their grotesque appearance. 
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TANKS IN ACTION 


Detachments of tanks were assigned to the army com- 
mander engaged in the continuation of the Somme offen- 
sive. On Sept. 15 they were let loose for the test of 
battle. 

The new offensive, which began on Sept. 15, was a 
continuation of the great battle of the Somme that had 
started in the previous July. The object of this offensive 
was to drive the Germans out of high ground running 
east and south of Thiepval, from which they could en- 
filade our newly gained positions. The Germans were 
strongly intrenched, and had hundreds of gigantic wasps’ 
nests scattered about in the shape of strong concrete 
emplacements for machine guns. Bitter experience had 
taught our generals that a successful advance under 
cover of our artillery barrage into the first line trenches 
was too often doomed to be hung up by the concerted 
fire from these wasps’ nests, which could not be reached 
by our infantry. The chief business of the tanks was 
to help our infantry by destroying these nests. 

Sept. 15 was a misty morning and comparatively few 
of our troops saw the long line of tanks which the night 
before had been comfortably parked in a secluded valley, 
deploying into battle position. But when the mists rose 
and the tanks appeared to friend and foe in all their 
grotesque uncouthness, the effect was as exhilarating to 
us as it was dumbfounding to the Germans. 


When the Germans had recovered their senses suffi- 
ciently they directed all the available rifle and machine- 
gun fire upon them. But the tanks did not mind. A war 
correspondent, describing the adventures of Creme de 
Menthe on the way to Courcelette, narrates that: 

“The bullets fell from its sides harmlessly. It ad- 
vanced upon a broken wall, leaned up against it heavily 
until it fell with a crash of bricks, and then rose on to 
the bricks, passed over them, and walked straight into 
the midst of factory ruins.” 

One tank in another part of the field was in action for 
twenty consecutive hours. Another, getting well ahead 
of the infantry, on finding itself alone, turned back to 
see what had become of its human companions. They 
were found to be held up by a machine-gun emplacement 
full of Germans, so the tank obligingly sat on the em- 
placement, shot down the Germans, and led the men on 
to further victories. 

It must not, however, be imagined that the proceed- 
ings of the tanks were quite as amusing to those inside 
as they appeared to the British infantry, who had barbed 
wire leveled for them and machine gun emplacements 
crushed as they advanced. The cramped quarters, the 
head-splitting noise, and the difficulty of ascertaining 
what was going on outside made the lives of the tank 
crew anything but agreeable in battle. Their periscopes 
were apt to be shot away; the steering gear, never easy, 
became almost impossible. The mere manual labor of 
moving the levers of the engines and turning apparatus 
was enormous, especially in these early machines. The 
crew had difficulty in communicating with the outside 
world, and had to rely chiefly on two carrier pigeons 
taken with them on the voyage; as for communication 
with them by the outside world, this was even harder. 
The tank, indeed, proved to be an admirable protection 
against ordinary rifle bullets. 

Even when the tanks themselves were knocked out this 
was not necessarily fatal to the crews, who often man- 
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aged to escape, and the casualties were small in propor- 
tion to the number of tanks put out of action. Those 
who inaugurated tank tactics in this first battle deserve 
all the credit they can receive. 

Once having proved their value the tanks came to stay. 
Later in the year tanks were sent out to Egypt and were 
in action at Gaza. In November they were used again 
in France. Meanwhile more and more tanks were being 
constructed and an increasing personnel to form the 
crews and the repair sections were being trained in 
England. After the first success in France the growing 
importance of the organization was emphasized by a 
change of title from “Heavy Section” to “Heavy Branch 
of the Machine Gun Corps.” Finally in July, 1917, the 
growing size and importance of the tanks organ- 
ization justified the Army Council in entirely sepa- 
rating it from the Machine Gun Corps and establishing 


it as a special Tank Corps by itself under a Director 
General. 

In France the tanks have been in action in successively 
increasing numbers at each attack delivered on a large 
scale. At Arras in April, at Messines in June, and at 
the third battle of Ypres in August they have continued 
their valuable work. They naturally have not enjoyed 
the advantages of surprise so useful in their first en- 
gagement, and it would not be expected that a vigilant 
enemy like the Germans would not contrive counter- 
measures. They have now established special observers 
and airplanes to watch for tanks and signal their appear- 
ance, and guns, both in the rear and in the trenches, to 
deal with them. Armor-piercing bullets are served out 
to their riflemen and machine gunners for use at close 
quarters, and elaborately concealed tank traps are pre- 
pared to engulf the monsters. 


Current Standardization Work 


HE following specifications for color and protective 
W cisies for airplanes were recently proposed by a 
subdivision of the Aeronautic Division of the Standards 
Committee, headed by Dr. Percy H. Walker. These spe- 
cifications are now receiving the consideration of the 
Aeronautic Division, which will be pleased to receive any 
criticism of a constructive nature from members of the 
Society : 


Rapip Dryinc CoLtor CoatTiInGs FOR AIRPLANES 
(Tentative Specification) 


1. The object of these specifications is to secure a high 
grade rapid drying coating for use on bare and varnished 
wood, “doped” or varnished linen, bare metal or metal 
coated with a baked black coating. The material usually 
found satisfactory for this purpose is composed of a 
high grade water resisting spar varnish in which there 
is finely ground an opaque light-resisting pigment in 
amount not exceeding 30 per cent by weight of the total 
paint. The user will specify whether olive drab, low 
visibility gray, light cream, aluminum or other color is 
desired. 

2. The coating shall weigh not more than 9%4 lb. per 
gallon. Unless otherwise specified the material must be 
suitable for application by brushing on all of the follow- 
ing bare or varnished wood, “doped” or varnished linen, 
bare metal or metal coated with a baked black coating. 
It must match the standard colors prescribed by the 
users. It must give a rapid drying, smooth, elastic and 
durable coating, either in the condition delivered or by 
reducing according to explicit directions furnished by 
the manufacturer. 

(a) It must show no excessive settling or hardening 
in the can, either as delivered or when reduced according 
to the manufacturer’s directions for use. When flowed 
in condition as received or reduced according to manu- 
facturer’s directions for application on one side of a 
clear, clean glass plate, 10 by 15 cm. (4 by 6 in.) and 
held in a vertical position, and maintained at a tempera- 
ture of 21 deg. to 32 deg. cent. (70 to 90 deg. fahr.), 
it should act to touch at a point not less than 2.5 cm. 
(1 in.) from the side or top edges of the film in not more 


than 2 hr. and shall dry hard in not more than 8 hr. to - 
a hard and elastic film. This film must be so opaque that 
the filament of an incandescent electric light (40 watt 
Mazda) at a distance of 50 cm. (20 in.) cannot be seen 
through the glass at a point 5 cm. (2 in.) from the top 
of the film. 

(b) Sheets of clean iron 10 cm. (4 in.) wide, 15 cm. 
(6 in.) long and about 0.4 mm. (0.016 in.) thick will be 
given a brush coat on one side, allowed to dry in a ver- 
tical position at a temperature between 15 deg. and 35 
deg. cent. (60 and 95 deg. fahr.) for 24 hr. The coat- 
ing shall not run or streak appreciably from the top 
edges and shall show an even, smooth opaque surface. 
A second coat will be applied one day after applying the 
first coat. This will be allowed to dry in a horizontal 
position, painted surface down, for 2 days. Some of 
the painted metal sheets will be kept in the dark, others 
in diffused light indoors, and others will be exposed out 
of doors at an angle of 45 deg. to the vertical, facing 
south, for a period of 6 days. Other plates will be placed 
under a gentle stream of tap water for 18 hr., lightly 
wiped to remove any deposit from the tap water. The 
coating must show no discoloration, softening or other 
defects. Other plates will be hung in boiling distilled 
water for 15 min. The coating on these plates must 
show only inappreciable discoloration, softening or other 
defects, either immediately after taking from the boiling 
water or after drying in the air. ‘ 

The plates which have been exposed out of doors 6 
days must match in color those kept in the dark and 
those kept in diffused light indoors. They must also 
stand bending double ten times over a rod 3 mm. (% in.) 
in diameter with the painted side outside at a tempera- 
ture between 21 deg. and 23 deg. cent. (70 and 75 deg. 
fahr.), without the coating showing any cracking or 
flaking. 


Bakep Biack Protective CoAaTING FoR METAL 
(Tentative Specification) 
1. The object of this specification is to secure a high 
grade coating to be applied by a baking process to metal 
parts used in airplane construction. The manufacturer 
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is given the greatest latitude in selection of raw mate- 
rials and process of manufacture in order to produce the 
highest grade material. 

2. Unless otherwise specified, the material must be 
suitable for application by dipping, either in the condi- 
tion delivered or by reducing according to explicit direc- 
tions furnished by the manufacturer. It must give after 
baking a smooth, elastic, black and durable coating, and 
must pass the following tests: 

(a) A sheet of clean iron 10 cm. (4 in.) wide, 15 cm. 
(6 in.) long and about 0.4 mm. (0.016 in.) thick will be 
dipped for a depth of 14 cm. (5% in.) in the sample 
(reduced according to manufacturer’s direction if not 
originally furnished of dipping consistency) and hung in 
the air at a temperature between 15 deg. and 35 deg. 
cent. (60 and 95 deg. fahr.) for 1 hr. The coating shall 
not run appreciably from the top edge, and shall show 
an even, smooth surface. 

(b) Similar sheets of clean iron dipped in a similar 
manner shall, after draining in a vertical position for 30 
min., be placed in an oven at a temperature of 66 deg. 
cent. (150 deg fahr.). The temperature of the oven will 
then be uniformly raised so that it will reach the tem- 
perature specified by the manufacturer (not less than 
150 deg. cent. (302 deg. fahr.) nor more than 205 deg. 
cent. (400 deg. fahr.) in not less than 1 hr. nor more 
than 2 hr., and thereafter maintained at that tempera- 
ture. Some plates shall be removed when the prescribed 
baking temperature is reached, others 1 hr. thereafter 
and the remainder 2 hr. thereafter. These plates shall 
be cooled to room temperature and kept for 7 to 10 days. 
They must then stand bending double ten times over a 
rod 3 mm. (% in.) in diameter without the outside coat- 
ing cracking or flaking. 

3. Application. Iron and steel fittings to be thor- 

oughly cleaned to bare metal by sand blasting. The clean 
article to be dipped into the coating material which must 
comply with the specification for “Material for Black 
Baked Protective Coating for Metal” properly reduced, if 
such reduction is prescribed by the manufacturer. After 
dipping the articles to be suspended in the air until all 
free draining has stopped, in no case less than 20 min., 
they shall then be placed in the baking oven, which shall 
at this time have a temperature not above 66 deg. cent. 
(150 deg. fahr.). The temperature of the oven shall be 
raised in a period of not less than 1 hr. nor more than 2 
hr. to the baking temperatures specified by the manufac- 
turer, but which shall not be less than 150 deg. cent. 
(302 deg. fahr.) nor more than 205 deg. cent. (400 deg. 
fahr.) and maintained at this maximum temperature 
for a period specified by the manufacturer of the coating 
material, but which shall in no case exceed 1 hr. The 
articles shall then be removed from the oven. 
In general, one coat will afford sufficient protection, 
but for parts subjected to unusually hard mechanical 
abrasion two coats may be applied. In such cases the 
method of application and material for the second coat 
shall be the same as for the first coat. 


Arr Dryine Buack PRoTEcTIVE COATING FOR METAL 
(Tentative Specification) 


1. The object of this specification is to secure a high 
grade rapid drying coating to be applied to metal parts 
used in airplane construction where it is not possible to 
bake, or where baked parts have been damaged in assem- 
bling. The manufacturer is given the greatest latitude 
in selecting raw materials and process of manufacture in 
order to produce the highest grade material. 


2. Unless otherwise specified the material must be 
suitable for application by brushing on to bare metal or 
metal coated with a baked protective coating, either in 
the condition delivered or by reducing according to ex- 
plicit directions furnished by the manufacturer. It must 
give a rapid drying, smooth, elastic and durable coating 
and must pass the following tests: 

(a) When flowed, in condition as received or when re- 
duced according to manufacturer’s direction for applica- 
tion, on one side of a clear, clean glass plate, 10 by 15 cm. 
(4 by 6 in.) and held in a vertical position and main- 
tained at a temperature of 21 deg. to 32 deg. cent. (70 
to 90 deg. fahr.) it shall set to touch at a point not less 
than 2.5 cm. (1 in.) from the side or top edges of the 
film, in not more than 5 hr. and shall dry hard in not 
more than 24 hr. to a hard, black and elastic film. 

(b) Sheets of clean iron 10 cm. (4 in.) wide, 15 em. 
(6 in.) long and about 0.4 mm. (0.016 in.) thick will be 
given a brush coat on one side, allowed to dry in a ver- 
tical position at a temperature between 15 and 35 deg. 
cent. (60 and 95 deg. fahr.) for 24 hr. The coating 
shall not run or streak. appreciably from the top edge 
and shall show an even, smooth surface. A second coat 
will be applied two days after applying the first coat. 
This will be allowed to dry in a horizontal position, 
painted surface down, for two days. Some of the painted 
sheets will then be exposed out of doors at an angle of 
45 deg. to the vertical, facing south, for a period of not 
less than 6 days. They must then stand bending double 
ten times over a rod 3 mm. (1% in.) in diameter with the 
coated side outside, without the coating showing any 
cracking or flaking. Other plates will be placed under a 
gentle stream of tap water for 18 hr., lightly wiped to 
remove any deposit from the tap water. The coating 
must show no whitening, softening or other defects. 
Other plates will be hung in boiling distilled water for 
15 min. The coating on these plates must show only in- 
appreciable whitening, dulling or other defects, either 
immediately after being taken from the boiling water or 
after drying in the air. 


Tractor Diviston MEETING 

TT HE meeting of the Tractor Division of the Stand- 

ards Committee, held on the morning of Feb. 1 at 
the Hotel Sherman, Chicago, was devoted mainly to a 
general discussion of the work now being done by the 
division, such as the dimensions for punching driving- 
wheel rims, the condensed tractor specification form, 
tractor nomenclature, connecting-rod bearings, power- 
belt widths, steel and shafting sizes, screws and bolts, 
carbureter flanges, spark-plug shells, fuel and lubrica- 
tion pipe fittings. 

Punching of Driving-Wheel Rims.—If these punchings 
could be standardized, it was said that a lug could be 
made to fit any tractor wheel. On the other hand the 
opinion was expressed that the length should first be es- 
tablished and work from that to the lug. It is also nec- 
essary to consider the width of the rim. 

The division had suggested that tractor rims be cut in 
even lengths, 12, 14, 16, 18, 20, 22 or 24 ft. In dis- 
cussing this it was said that not a single wheel is now 
made using these recommended lengths. One wheel 
manufacturer is producing them 42, 48, 54 and 60-in. 
diameter, made in widths of 8, 10 and 12 in., any added 
width being obtained by putting on extensions. 

The proposal to place the spokes at each 12 in. of rim 
length was also said to differ from the present practice 
in which small wheels have 16 spokes and the larger 
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wheels above 40 in. diameter, 24 spokes. The gear can 
then be fastened to the rim by using either three or four 
double lugs, making six or eight fastenings. Most trac- 
tor wheels are fastened to the wheel with some multiple 
of either six or eight attachments, and 24 being a com- 
mon multiple falls in well with current practice. 


The question was asked as to whether it was desired 
to conform the tractor standards to present practice or to 
adopt standards not now in use and let designers work 
to them in the future. In answer to this it was said that 
the purpose is to consider the standards thoroughly and 
formulate them so that they will conform to the best 
engineering practice now and will also be of use to a man 
who is designing for the future. 

It was finally decided to add W. H. Worthington, of the 
Electric Steel Company, to the subdivision considering 
the matter of rim punching and refer’ the subject back 
for consideration. A. W. Scarret was designated to act 
on the subdivision in place of H. C. Buffington. 

Condensed Tractor Specification.—This specification 
form was approved at the Annual Meeting of the Society 
held in New York in January but since that time it has 
been suggested that two or three items should be added 
to the form; one being the total weight on the drive 
wheels. 

The question was raised as to what was to be the pur- 
pose of the specification; whether it would be used by the 
manufacturer, by the dealer in farm tractors, or by the 
farmer. The work being done by some of the farm pa- 
pers in gathering tractor data was mentioned and the 
suggestion was made that the different publications 
should use the same list of questions, thus getting much 
better results in securing data from the manufacturers. 
It was said that the engineer is the only one who wants 
the detailed specification and might want answers for 
160 questions, when the dealer would only want answers 
for 60 questions. It was finally voted to refer the mat- 
ter back to the subdivision from which it originated 
with instructions to invite the cooperation of the farm 
paper publishers who are using similar forms. 

Tractor Nomenclature.—It is considered necessary to 
agree upon some standard nomenclature for tractor parts 
so that the different companies can follow a definite 
practice in getting out catalogs. It was suggested at 
tle meeting that the work done by the Committee on 
Nomenclature of the National Gas Engine Association, 
of which E. W. Roberts is chairman, be considered and 
that the automobile nomenclature adopted by the So- 
ciety should also be referred to so that the names now 
applied to automobile work could be used for tractor parts 
whenever possible. The subject was referred back to 
the subdivision, with instructions to suggest a list of 
names for all the common parts of various types of 
tractors. 


Connecting-Rod Bearings.—At the meeting of the di- 
vision held in Minneapolis early in December, it was the 
consensus of opinion that the time was not yet ripe for 
the standardization of a series of sizes for connecting- 
rod bearings. It was felt that bearings really had to be 
made to meet the requirements of individual engines and 
therefore it would not be helpful to standardize sizes; 
further many manufacturers desire to supply their own 
parts, especially such important ones as connecting-rod 
bearings, in order to keep records that are extremely 
valuable in working out new designs. It was finally de- 
cided to have George T. Strite prepare a report on the 
advisability of standardizing such bearings for submis- 
sion at the next meeting. 


Power-Belt Widths.—The table of power-belt widths 
approved by the division at the December meeting (see 
page 385, December JOURNAL) was considered and it was 
suggested that the pulley-widths be made minimum, in- 
asmuch as in running separator belts under bad condi- 
tions a more generous pulley space is often required. A 
question was raised as to whether the belt speed of 
2600 ft. per min., which has been standardized by the 
Society, conformed with current practice. It was said 
that the N. G. E. A. had recommended three standard 
belt speeds, one for stationary engine work, one for the 
portable or small tractor engine that would operate 
largely corn huskers, and a third for the larger tractor 
that would operate grain-separating machinery. The 
speed of 2800 ft. per min. was recommended for the last, 
but it was said that most of the separators and ma- 
chinery operated by tractors run at a speed of about 
2600 ft., which was thought to be correct. The sub- 
division was asked to take the matter up further with 
the manufacturers in order to obtain the best widths 
of power belts. 

Steel and Shafting Sizes.—There was considerable dis- 
cussion as to the use of S. A. E. steel specifications for 
tractor purposes. A sub-committee of the Engineering 
Practice Committee of the Minneapolis Section has sug- 
gested that certain new compositions be recommended 
for tractor purposes with the view of eliminating some 
of the present standard specifications. Specifications for 
cold-rolled steel were suggested in order to obtain ma- 
terial of some definite hardness and carbon content. 
There seemed to be no objection to the present S. A. E. 
steels, but a change was thought desirable in order to 
lessen the number of compositions. It was finally decided 
to refer the suggested specifications to the subdivision 
on steel and shafting sizes in order to secure further in- 
formation from steel manufacturers and at the same 
time to ask the Iron and Steel Division of the Standards 
Committee to consider the possibility of eliminating cer- 
tain of the present steel specifications. 

Screws and Bolts.—The division recommends that the 
threads used on tractors shall be the United States 
Standard or S. A. E. Standard in the sizes given in the 
S. A. E. Handbook, eliminating the one-sixteenth sizes 
about 4-in. diameter. 

Carbureter Flanges.—It was suggested that some of 
the S. A. E. standard flanges for tractor practice might 
be eliminated. It is believed that the % and %-in. 
flanges, the 34 and %-in., the 1% and 114-in., are so 
nearly the same size that one of each of them could be 
eliminated. This proposal will be presented to the car- 
buretor and engine manufacturers for consideration. 

Spark-Plug Shell Dimensions.—The division had pre- 
viously recommended that the metric thread plug be 
used for tractor practice, but on further investigation 
it has been found that the S. A. E. Standard plug is in 
more general use. Experiments are now being con- 
ducted to show which is the better for tractor purposes. 
It is expected that a report on these experiments will be 
presented at the next meeting of the division. 

Fuel and Lubrication Pipe Lines.—The possibility of 
supplying a union that can be used on tractors, motor- 
cycles, aircraft, and automobiles was discussed. A stand- 
ard might be settled upon to be used in the tractor, pas- 
senger and commercial automobiles, and in the motor- 
boat industries, but possibly a different construction 
would be required for aircraft. It was finally decided 
to take the matter up further with the manufacturers of 
unions in order to determine the best practice for the 
different forms of vehicles. 
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Activities of S. 


OST of the sections are now electing nominating 

committees, which, in accordance with the, section 
constitutions, must prepare a complete ticket for section 
officers at least 45 days prior to the annual election. In- 
asmuch as the present administration year for all the 
séctions extends from May 1 to April 30, it is probable 
that the annual business meeting will be held some time 
during April, and thus the report of the Nominating 
Committee must be presented during the month of March. 
The Metropolitan Section has designated as its Nomi- 
nating Committee David Beecroft (chairman), Harold 
W. Slauson and H. V. R. Scheel. The Minneapolis Sec- 
tion Nominating Committee is as follows: A. C. Ben- 
nett (chairman), J. E. Nead, Leonard Nelson, H. W. 
Adams, C. C. Cavanaugh and James Gemlo. The Cleve- 
land Section has chosen A. J. Scaife (chairman), G. S. 
Case, John McGeorge and C. S. Pelton as its Nominating 
Committee. 

The Buffalo Section presented a paper at the meeting 
of the Buffalo Engineering Society, held Feb. 6, in Buf- 
falo, C. C. Carpenter, chief chemist of the United States 
Light and Heating Corp., giving a paper on electric- 
storage batteries. Mr. Carpenter showed a number of 
plates and batteries, and his talk was illustrated by dia- 
grams and photographs. 

The next meeting when the Buffalo Section will give 
a paper will be on March 20, and W. M. Corse of the 
Titanium Alloy Mfg. Co., Niagara Falls, will discuss the 
subject of bronzes. 

At the February meeting of the Cleveland Section, held 
on the 15th, O. W. A. Oetting of the Willard Storage 
Battery Company gave a paper on the effect of cold 
weather on automobile starting, which appears elsewhere 
in this issue. 

The next meeting of the Cleveland Section will be 
held on the 15th of March. Mr. Tewksbury of the Cleve- 
land Tractor Company will present a paper on general 
tractor development. 

The meeting of the Detroit Section, held Feb. 21, was 
devoted to a discussion of the development of passenger- 
car and motor-truck construction during the last year. 
A paper was presented by J. Edward Schipper of the 
Class Journal Company. Motion-picture films were shown 
of the Liberty motor truck and of tractors designed for 
war service. 


At the March meeting of the section the Body Division 
of the Industrial Research Committee of the Section, 
consisting of Paul E. Kelecom (chairman), E. W. Good- 
win, John Allmand, L. C. Hill and C. H. Wilson, will de- 
liver a paper. 

At the meeting of the Indiana Section, held on the 
8th .of February, Carl H. Schell, chief engineer of the 
Thermoid Rubber Company, discussed the subject of flex- 
ible universal joints. The next meeting of the section 
will be held March 1, when C. E. Sargent, chief engineer 
of the Lyons-Atlas Company, will give a paper on fuels. 

Prof. J. L. Mowry of the engineering department of the 
Minnesota Farm School addressed the Minneapolis Sec- 
tion on Feb. 6 on the subject of tractor fuels. At the 
next meeting of the section, to be held on March 6, it is 
expected that F. McDonough of the Toro Motor Company 
will speak on hydraulic transmissions. 


A. E. Sections 


The Metropolitan Section is not planning to hold a 
meeting during February but will resume sessions again 
in March with a meeting, the subject of which will be 
announced later. 

At the Jan. 18 meeting of the Mid-West Section, held 
at the Chicago Automobile Club, Secretary Darwin S. 
Hatch read the following letter from Winfred D. Gerber: 

“The Illinois Society of Engineers, of which I have the 
honor of being president, has attempted on several occa- 
sions to impress upon public officials the desirability of 
appointing qualified engineers to public positions wherein 
engineering training and experience would be a valuable 
asset. 

“Numerous failures along this particular line have 
convinced me: that cooperation among the engineering 
societies of this State, in the form of an affiliated engi- 
neering society of Illinois, would get us the considera- 
tion that we are now unable to secure as individual 
organizations. 

“May I suggest that you take this question up with 
your Society and ascertain if it meets with its approba- 
tion? 

“The Illinois Society of Engineers has its annual con 
vention next Thursday and Friday, Jan. 24 and 25, at 
Quincy, at which time I shall bring the matter before 
the Society with the recommendation that inasmuch as 
we are a State Society that we undertake the initiative 
and through a properly delegated committee, endeavor 
to secure the cooperation of all the engineering societies 
in this State. 

“You can readily foresee where an affiliated organiza- 
tion, whose membership is limited to delegates from each 
Society, will have great power in bringing about publicity 
for engineering.” 

After discussion, the Mid-West Section adopted a reso- 
lution to cooperate with the engineering societies. 

C. J. P. Lucas presented a motion in the following 
words: “Every man who enters the service of the United 
States makes a great sacrifice for us, knowing he upholds 
the duty he owes his country, and we who stay at home 
and work should vote to suspend the dues and back up 
that man, otherwise we are not fit to be citizens of the 
United States. I move that we consider the dues sus- 
pended of every man who enters the service, directly or 
indirectly, and cannot attend the meetings.”” The motion 
was seconded and carried. 

At the Feb. 21 meeting of the Mid-West Section, the 
subject under discussion was Automotive Interests. 
First Vice-President Beecroft approached it from the 
view-point of the Society and Dent Parrett from that of 
the tractor manufacturer. In addition a paper on the 
Economical Size of Tractor, by Ernest Goldberger, was 
scheduled for this meeting. The March meeting will 
be held on the 20th. 

The Pennsylvania Section planned to hold a meeting 
devoted to upholstery as affecting easy riding, in Janu- 
ary, but on account of the illness of the author it was 
necessary to postpone it. The Section has now planned 
to hold this meeting on the 28th of February, in Phila- 
delphia; Watson R. Smith of the Jackson Cushion Spring 
Company will read the paper. 
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REPORT OF CHICAGO COUNCIL MEETING 


A meeting of the Council was held Jan. 31, at Chicago, 
with President C. F. Kettering, First Vice-President 
David Beecroft, Second Vice-President C. C. Hinkley, and 
Councilors B. B. Bachman, H. L. Horning and J. V. 
Whitbeck present. 

President Kettering announced the appointment of the 
following Finance Committee for the current year: H. M. 
Swetland, chairman; Hugh Chalmers, Christian Girl, 
George H. Houston and Henry R. Sutphen. 

Mr. Beecroft reported that all arrangements had been 
completed for the Chicago meeting and dinner, that four 
papers were to be read at the professional session, also 
that a dinner and meeting were to be held at the Hotel 
Baltimore, Kansas City, Feb. 13, during the National 
Tractor Show, at which addresses would be delivered on 
tractor standardization and on other tractor engineering 
subjects. 

President Kettering appointed the following Meetings 
Committee to serve during the year: David Beecroft, 
chairman; Leonard Kebler, C. F. Seott, F. E. Place and 
E. R. Greer. 

It was voted to make the following transfers in grade 
of membership: From Associate to Member Grade, Bruno 
Schroeter and Harold E. Talbott, Jr. 

Applicants to the number of 16 were elected to member- 
ship in the Society, these being assigned to grades as 
follows: 5 Members, 5 Associate Members, 2 Junior 
Members, and 4 Student Enrollments. : 

The constitutional amendments proposed at the Annual 
Meeting of the Society were referred to the Membership 
Committee, with the request that it confer with the Con- 


PERSONAL NOTES 


Nicholas L. Baker, formerly superintendent, Auto 
Electric Service Co., Detroit, is now service engineer, 
United Electric Service Co., Detroit. 

D. W. Burke, formerly superintendent, Auto Division, 
Westinghouse Elec. & Mfg. Co., Pittsburgh, Pa., has now 
purchased the Auto Electric Service Co. of Detroit. 

L. W. Brownrigg, formerly sales engineer, National 
Carbon Co., Cleveland, is now with the R. B. Randall 
Electric Co., Inc., Kansas City, Mo. 

C. R. Burt, formerly assistant general manager, Rus- 
sell Motor Car Co., Ltd., Toronto, Canada, is now gen- 
eral manager, Russell Motor Car Co., Inc., Buffalo. 

Herbert C. Berry, formerly designer and chief drafts- 
man, Line Drive Tractor Co., Milwaukee, is now with 
the National Tractor & Machine Co., Chicago. 

Willis D. Cook, formerly chief draftsman, Fuller & 
Sons Mfg. Co., Kalamazoo, Mich., is now engineer, Trac- 
tor Bearing Division, Hyatt Roller Bearing Co., Chicago. 

B. J. Cline, vice-president and director of manufac- 
turing, Supreme Motors Corp., Cleveland, is now general 
superintendent, Aero Division, Nordyke & Marmon Co., 
Indian .polis. 

Dr. &. H. Cunningham, formerly chief electrical engi- 
neer, Splitdorf Electrical Co., Newark, N. J., is now elec- 
trical and ignition consulting engineer, New York. 

J. M. Cook, formerly engineer with Hercules Motor 
Mfg. Co., Canton, Ohio, is now with Canton Auto Parts 
Mfg. Co., Canton, Ohio. 

Ladislas d’Orey, formerly aeronautical engineer, Gard- 
ner Moffat Co., Inc., New York, is now associate editor, 
Aviation and Aeronautical Engineering, of the same 
company. 


stitutional Committee on any changes considered neces- 
sary, a report thereon to be made at the next meeting of 
the Council. 

President Kettering announced the appointment of the 
following Publication Committee: Daniel Roesch, chair- 
man; W. A. Chryst, David Fergusson, E. R. Greer and 
G. C. Loening. 

Second Vice-President Hinkley was appointed cha'r- 
man of the Membership Committee. 

Councilor Bachman was made chairman of the Stand- 
ards Committee for the present year. 

The Council approved amendments to Paragraphs SC-1 
and SC-8, adopted by all the sections of the Society. These 
two amendments relate to the change of name from auto- 
mobile to automotive. 

President Kettering appointed the following Sections 
Committee for the coming year: Councilor C. S. Craw- 
ford, chairman; R. J. Nightingale, Leonard Kebler and 
R. H. Combs. 

A Constitutional Committee was authorized by an 
amendment to the Constitution adopted at Washington 
last June, and President Kettering announced the ap- 
pointment of the following: Councilor B. B. Bachman, 
chairman, to serve one year; Councilor J. V. Whitbeck, 
to serve two years; David L. Gallup, to serve three years. 

President Kettering announced the appointment of a 
House Committee as follows: George W. Dunham, chair- 
man; Julian Chase, William P. Kennedy and Frederick 
R. Hutton. 

The next meeting of the Council will be held Feb. 25, 
at Dayton, Ohio. 


+ a " +. x 
OF THE MEMBERS 

Arthur M. Dean, formerly chief engineer, Ferro 
Machine & Foundry Co., Cleveland, is now chief engi- 
neer and vice-president, The Templar Motors Corp., 
Cleveland. 

Garth A. Dodge, formerly factory manager and engi- 
néer, The Dayton Rubber Mfg. Co., Dayton, Ohio, is now 
with the Kelly-Springfield Tire Co., Buffalo. 

Donald W. Douglas, formerly aeronautical engineer, 
Aviation Section, Signal Corps, Washington, is now 
chief engineer, Glen L. Martin Co., Cleveland. 

E. M. Elliott, formerly manager, Department of 
Labor, U. S. Public Service Reserve, Washington, is now 
assistant factory manager, Wright-Martin Aircraft 
Corp., New Brunswick, N. J. 

Raymond M. Everhard, formerly final tester and 
inspector of autos, M. C. Kale & Co., LaPorte, Ind., is 
now engine expert, Oldsmobile Motor Co., Chicago. 

Joseph W. Gardham, Jr., formerly technical repre- 
sentative, Chalmers Motor Co., Detroit, is now in charge 
of tests, experimenting with motor trucks, The Militor 
Corp., Jersey City, N. J. 

Eldon P. Gundry, formerly layout draftsman, Nash 
Motors Co., Kenosha, Wis., is now with the Oakland 
Motor Car Co., Pontiac, Mich. 

W. E. Hamilton, formerly at Indianapolis, is now with 
the Standard Parts Co., Cleveland. 

Frank A. Hayes, formerly engineer, Willys-Overland, 
Ltd., Toledo, Ohio, is now chief engineer Willys-Overland, 
Ltd., W. Toronto, Canada. 

Louis Illmer, formerly chief engineer Simon Lake, 


Milford, Conn., is now with American Whaley Engine 
Co., Boston. 
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Royal K. Johnson, formerly consulting engineer, 
Cleveland, is now director of engineering, The Minerva 
Engine Co., Cleveland. , 

_Arthur E. Jacobs, formerly body engineer, Commer- 
cial Vehicle Motors Co., Chicago, is now production engi- 
neer, R. & V. Wagner Ordnance Co., E. Moline, Ill. 

R. Karasinski is now with The Templar Motors Corp., 
Cleveland. 

Ralph R. Lapointe, formerly works manager, Lapointe 
Machine Tool Co., Hudson, Mass., is now works manager, 
The J. N. Lapointe Co. of Mass., Hudson, Mass. 


Henry C. Limbach, formerly production manager, 
Zenith Carburetor Co., Detroit, is now salesman and 
equipment engineer, Strong, Carlisle & Hammond Co., 
Detroit. 

William V. Lowe, formerly in the engineering depart- 
ment, John Bath Co., Worcester, Mass., is now in the 
engineering departmer:t, Deane Machine Co., Fitchburg, 
Mass. 

L. J. Miley, formerly western manager, Asbestos & 
Rubber Works of N. J., at Camden, N. J., is now branch 
manager, Russell Mfg. Co., Middletown, Conn., at 
Chicago. 

J. J. Martin, formerly assistant chief inspector, Pre- 
mier Motor Corp., Indianapolis, is now production and 
designing engineer, Shotwell Pump & Tank Co., 
Indianapolis. 

F. C. Manning, manager and president, Sumter Elec- 
trical Co., Chicago, is now general sales manager, Split- 
dorf Electrical Co., Newark, N. J. 

LeRoy F. Maurer, formerly factory manager, Gillette 
Motors Co., Mishawaka, Ind., is now with the Stude- 
baker Corp., South Bend, Ind. 

D. M. Power, formerly engineer with Buick Motor Co., 
Flint, Mich., is now designing and consulting engineer, 
Detroit. 
~ D. T. Randall, formerly with Cadillac Motor Car Co., 
Detroit, is now engineer, experimental department, Lin- 
coln Motor Co., Detroit. 

John J. Rooney, formerly at New York, is now aero- 
nautic engineer, Briggs Aeroplane Co., Alexandria, Va. 

Joseph A. Steinmetz, president of the Aero Club of 


Pennsylvania, is one of the directors of the new Y. M. 
C. A. School of Airplane Construction which has recently 
been started at 717 North Broad Street, Philadelphia. 
The purpose of this school is to assist in the aircraft pro- 
duction program by developing skilled labor that can be 
utilized in factories throughout the country. 

G. B. Stone, formerly sales engineer, Remy Electric 
Co., Anderson, Ind., is now manager, tractor equipment 
division, with the same company at Chicago. 

I. D. Shaw, formerly with Cincinnati Ball Crank Co. 


at Detroit, is now with the Automotive Mfg. Co. at 
Detroit. 


William D. Sargent, president, Bayonne Steel Casting 
Co., Bayonne, N. J., is now vice-president, International 
Motor Co. of N. Y., at Newark, N. J. i 

W. Whitney Slaght, formerly student, University of 
Michigan, Ann Arbor, Mich., is now experimental engi- 
neer, Pierce-Arrow Motor Car Co., Buffalo. 

Albert I. Stevens, formerly branch manager, N. Z. 
Graves Co., Inc., is now with the Oxford Varnish & 
Paint Co., Detroit. 

H. A. Soulis, formerly production and equipment engi 
neer, Maxim Munitions Corp., Derby, Conn., is now 
designer, The Militor Corp., Jersey City, N. J. 

William Taylor, formerly assistant chief engineer The 
Militor Corp., New York, is now at Jersey City, N. J., 
with the same company. 

Gordon E. Tucker has severed his connection as road 
engineer with the Zenith Carburetor Co., New York. 


George N. Tobias, formerly engineer, Westinghouse 
Electric & Manufacturing Co., East Pittsburgh, Pa., is 
now treasurer, Auto Electric Service Co., Detroit. 


Ernest Wooler, formerly automobile consulting and 
designing engineer, Cleveland, is now engineer, Chand- 
ler Motor Car Co., Cleveland. 

Harry J. Walker, formerly steel salesman and special- 
ist, Joseph T. Ryerson & Son, Chicago, is now with The 
Andrews Steel Co., Keyport, Ky. 

John H. Weller, formerly superintendent, Whitney 
Mfg. Co., Hartford, Conn., is now factory manager, The 
Templar Motors Corp., Cleveland. 


Honor Roll of Society Members 


Anderson, Oscar G., private, 16lst Depot Brigade, Co. 
4, U. S. N. A. (mail) Barracks 1488W, Camp Grant, 
Ill. 

Anderson, E. S., lieutenant, Aviation Section, Signal 
Corps, U. S. A., Gerstner Field, La. 

Brown, Julian S., U. S. A. (mail), Aviation School, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

Britten, Daniel L., captain, Ordnance R. C., Washing- 
ton, assigned to Gun Division, Ordnance Section. 

Chase, A. M., major, Ordnance Department, U. S. A., 
Washington. 

Coe, Edw. M., first lieutenant, Quartermaster Corps, 
U. S. N. A. (mail), Mechanical Repair Shops No. 302, 
A. E. F., France. 

DuBose, Geo. W. P., major, American Ordnance Base 
Depot, A. E. F., France. 


Dahlquist, Chas. S., captain, Quartermaster Corps, 
U. S. N. A., Washington, assigned to Inspection Divi- 
sion. 

Diamond, J. E., captain, Ordnance R. C., Peoria, IIl. 

Duncan, A. C., first lieutenant, Balloon Co. No. 7, 
Signal Corps, Aviation Section, Signal R. C. (mail), A. 
E. F., France, via New York. 

Duntley, Lloyd B., first lieutenant, Ordnance R. C., 
Washington, assigned to Engineering Motor Equipment 
Section. 

English, C. H., Jr., first lieutenant, Ordnance R. S., 
Washington. 

Franklin, G. King, captain, Motor Section, Ordnance 
R. C., Washington. 

Fliedner, Carlyle, captain, Motor Section, Ordnance R. 
C., Rock Island Arsenal, Rock Island, IIl. 

Getschman, G. F., second lieutenant, Ordnance R. C., 
Washington. 
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Graham, Louis, lieutenant, 309th Engineers, Engineers 
R. C., Camp Zachary Taylor, Ky. 

Henderson, S. W., first lieutenant, Ordnance R. C., 
Washington. 

Horine, M. C., second lieutenant, Aviation Section, Sig- 
nal R. C., Washington. 

Libbey, E. B., lieutenant, 2nd Caisson Co., 102nd Am- 
munition Train, U. S. N. A., Spartanburg, S. C. 

McCormick, Bradley T., captain, Ordnance Depart- 
ment, U. S. A., New York. 

McGill, Geo. E., Co. B., 85th Division Military Police, 
Camp Custer, Battle Creek, Mich. 

Mason, Geo. R., lieutenant, A. E. F., France. 

Orton, Edward, Jr., major, Quartermaster R. C., Wash- 
ington, assigned to Motor Transport Branch, Engineer- 
ing Section. 

Purcell, Bernard A., captain, Quartermaster R. C., 
307th Supply Train, Camp Gordon, Ga., assigned as 
Commanding Officer. 

Rosenthal, Wm. C., sergeant, Engineer O. T. C., Camp 
Lee, Va. 

Russell, Eugene F., major, Ordnance Department, 
U. 8S. A., Washington. 

Streicher, Geo. A., 11th Co., Engineer O. T. C., Camp 
Lee, Va. 

Scott, Allison F. H., captain, Signal Corps, U. S. A., 
Langley Field, Hampton, Va., assigned to Aviation Sec- 
tion as captain and post adjutant. 

Sweet, Geo. P., first lieutenant, Signal Corps, U. S. A 
Washington, assigned to Aviation Section. 

Streeter, Robt. L., major, Ordnance Department, 
U. S. A., Rock Island Arsenal, Ill., in charge of truck 
and tractor experimental work. 


’ 


Wodehouse, B. A., sergeant, 2nd Infantry Co., Officers’ 
T. C., Camp Custer, Battle Creek, Mich. 

Verity, Calvin W., captain, Ordnance R. C., Frankfort 
Arsenal, Philadelphia. 


Yonkin, Harry F., first lieutenant, Ordnance R. C., A. 
E. F., France. 


CIVILIAN SERVICE 


Cherry, Ralph E., Signal Corps, U. S. A., McCook 
Field, Dayton, Ohio, assigned to Airplane Engineering 
Department. 

Cleaver, B. J., Medical Corps, U. S. A., Fort Ogle- 
thorpe, Ga. 

Clarke, Thomas A., Signal Corps, U. S. A., Washing- 
ton, assigned to Aviation Section as production expert. 

DuVal, Eugene C., Signal Corps, U. S. A., assigned 
to Airplane Engineering Department, Dayton, Ohio. 

Eisele, William S., draftsman, Aviation Section, Sig- 
nal Corps, U. S. A., Washington. 

Millar, Thomas H., Jr., Quartermaster Corps, U. S. A., 
205 Union Station, Washington, assigned to Motor 
Transportation Section. 

Pollock, Ray C., Signal Corps, U. S. A., Buffalo, as- 
signed as airplane engine inspector. 

Seabury, W. M., Field Hospital, No. 337, Camp Cus- 
ter, Battle Creek, Mich. 

Searle, C. A., auto-parts inspector, U. S. A., Washing- 
ton. 


Williams, S. T., Naval Aircraft Factory, Navy Yard, 
Philadelphia, Pa., assigned as aeronautical mechanical 
engineer in Engineering Department. 


Service Directory of Members 


HE following list is intended to contain the names of all 

members connected with the Government either in the military 
services or in civilian capacities. The names are listed in two 
parts, the first showing the members who have actually entered the 
military services, and the second those engaged as civilians. Every 
effort is made to have the addresses correct, but many of the 
members are changing about so much that it is almost impossible 
to tell accurately as to just where they are located at any given 
time. It is therefore requested, in case of any error, that the mem- 
ber concerned immediately inform the New York office of the 
Society, so that a proper correction can be made. Members who 
have actually entered the service in any capacity, and who are 
not listed, should also write the details to the New York office 


MILITARY HONOR ROLL 


ALDEN, HERBERT W., major, Motor Equipment Section, Carriage 
Division, Ordnance R. C., A. E. F., France. 

ALDRIN, EDWIN E lieutenant, Coast Artillery Corps, U. S. A.,, 
Ft. Monroe, Va., (mail) 2nd Training Co., Ft. Monroe, Va 

AMON, CARL H., Aviation Section, Signal R. C., Washington 

ANDERSON, WILLIAM C., lieutenant, Engineer R. C., Brooklyn, N. Y 

ARNOLD, BION J., lieutenant colonel, Signal R. C., Washington 

BARKER, C. NORMAN, pilot cadet, Royal Flying Corps, Camp Borden, 
Can 

BARTON, W. E., first lieutenant, Quartermaster R. C., Washington 

Biss, JOHN T., JR., private, Aviation Section, Signal Corps, A. E. F 
France; (mail) 3rd Foreign Detachment, Cadet Flying Squad- 
ron, A. E. F., France. 

BLANK, M. H., first lieutenant, Motor Equipment Division, Ordnance 
R. C., Washington. 

3LOOD, HowarpD E., lieutenant, Engine Design Section, Equipment 
Division, Signal Corps, U. S. A., Washington 

Boces, Geo. A., lieutenant, Quartermaster Corps, U. S. A.; (mail) 
Farmers Loan & Trust Co., Paris, France. 

BowEN, C. H., captain, Military Truck Production Section, Office of 
Quartermaster General, Washington. 

BRITTEN, Wo. M., major, engineer of Motor Transportation, Officer 
in Charge of Transportation, Quartermaster R. C., Washington. 

BROWN, HAROLD HASKELL, first lieutenant, Coast Artillery Corps, 
U. S. N. A., Fort Totten, N. Y. 

BROWNE, ARTHUR B., captain, Sanitary Corps, U. S. N. A., (mail) 
General Motors Co., Detroit. 

CALLAN, JOHN LANSING, lieutenant, Reserve Flying Corps, U. S. N., 
U. S. S. Seattle, (mail) Postmaster, New York. . 

CAMPBELL, LINDSEY F., 4th Battery, 2d P. T. R., Fort Sheridan, Ill. 


CEARK, EpwaArp L., first lieutenant, Signal R. C., McCook Field, 
Dayton, Ohio 


CLARK, VIRGINIUS E., lieutenant colonel, Signal Corps, U. 8S. A 
McCook Field, Dayton, Ohio. 

Cor, Epw. M., first lieutenant, Quartermaster Corps, U. S. A., Wash- 
ington. 

DAYTON, WILLIAM E., private, 306th Regiment, Field Artillery, 
U. S. N. A., Washington. 

DEEDS, Epwarp A., colonel, Equipment Division, Signal Corps, 
U. S. A., Washington. 

De LORENZI, ERNEST A., officer, Mechanical Transport, War Depart- 
ment, London, Eng. 

Dr Witt, GEORGE W., lieutenant, U. S. Naval Militia, Jacksonville, 
Fla. 

DicKEY, HERBERT L., captain, Motor Equipment Section, Carriage 
Division, Ordnance R. C., Washington. 

DIMOND, G. A., first lieutenant, Motor Section, Ordnance R. C 
Ft. Herring, Peoria, Ill. 

L)ONALDSON, FRANK A., captain, Carriage Division, Ordnance R. C 
Sixth and B. Sts., Washington. 

Dost, CHARLES O., first lieutenant, Aviation Section, Signal Corps 
U. S. A., Cornell University, Ithaca, N. Y. 

Du Boss, Geo. W. P., major, American Ordnance Base Depot, A 
E. F., France. 

ARLE, LAWRENCE H., first lieutenant, Ordnance R. C 
inspector of ordnance, Holt Mfg. Co., Peoria, Ill. 

IEELLS, PAUL W., lieutenant, 330th Field Artillery, Artillery R. C 
Camp Custer, Battle Creek, Mich. 

FARRELL, MATTHEW, captain, Quartermaster R. C., Washington 

FINKENSTAEDT, EDWARD R., captain, Military Truck Production 
Section, Office of Quartermaster General, Washington. 

FISHLEIGH, W. T., major, Sanitary Corps, U. S. N. A., Washington 
assigned as automobile engineer 

FLANIGAN, E. B., Officers’ Reserve Training Camp, Plattsburg, N. Y. 

fORRER, J. D., captain, Engineer R. C., Washington. 

Foss, CLARENCE M., captain, Ordnance R. C., Rock Island Arsenal, 
Rock Island, Ill., assigned to Motor Section 

lox, RupoLPH H., first lieutenant, Ordnance R. C., Washington 

FURLOW, JAMES W., lieutenant colonel, Quartermaster Corps, U 
S. A., Washington, assigned to Office of Quartermaster General. 

GAEBELEIN, ARNO W., lieutenant, Ordnance R. C., Washington, as- 
signed to Carriage Division. 

(JARDNER, LESTER D., captain, 117th Aero Squadron, Signal Corps, 
U. S. A., Washington. 

Gpy, WILLIAM, 377th Truck Train, U. S. N. A., Camp Merritt, 
Tenafly, N. J. 

GFRORER, A. H., first lieutenant, Ordnance R. C., Washington. 

GILLIS, Harry A., major, Ordnance R. C., Washington. 

GLOVER, F. S., major, Ordnance R. C., Washington. 

GORRELL, EpGar S., lieutenant colonel, Aviation Section, Signal 
Corps, U. 8S. A., Washington. 


, assigned as 
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Gray, B. D., major, Equipment Division, Aviation Section, Signal Rosk, CHARLES B., 
R. C., Washington. S. A., Washington. 

GREEN, Geo. A., captain, Tank Section, British E. F., France ROSENTHAL, Wm. C., private, U. S. N. A., 507 Nineteen Hundred 

GUTHRIE, JAMES, major, Ordnance R. C., Washington, assigned to Euclid Bldg., Cleveland. 


Field Artillery Section, Carriage Division SANDT, A. R., sergeant, Ordnance Department, U. S. A., Rock Island 
HAESKE, F. C., lieutenant, U. S. A., Camp Sherman, Chillicothe, 


major, Equipment Division, Signal Corps, | 


, Arsenal, Rock Island, Ill., assigned to Motor Section Instruc- 
Ohio. tion School. 
HALL, ELBERT J., major, Engine Design Section, Engineering Divi- SCHOENFwSssS, F.. H., captain, Ordnance R. C., Washington. 
sion, Signal Corps, U. S. A., Washington. ScHOEPF, T. N., captain, Engineer R. C., Washington. 
HALL, RICHARD H., Jr., first lieutenant, Quartermaster Corps, U. S SELFRIDGE, S. W., first lieutenant, Ordnance R. C., Washington 
N. A., Chevy Chase, Md. SLADE, ARTHUR J., captain, Aviation Section, Signal R. C., Wasi 
HARMS, HENRY W., captain, Aviation Section, Signal Corps, U. S. A ington 
Washington. SMITH, FRANK E., major, Signal Corps, U. S. A., Washington 
HARTMAN, A. A., private, U. S. N. A., Camp Devens, Ayer, Mass SMITH, MarK A., first lieutenant, Marine Corps, U. S. N., Wash 
HEGEMAN, Harry A., major, Quartermaster Corps, U. S. A., Wash 


ington 


ington, assigned to office of Officer in Charge of Transportation SPRAGUE, G A Co. D 310th Engineers, Camp Custer, Battle 








HOFFMAN, Roscoe C., captain, Carriage Division, Motor Equipment Creek, Mich 

Section, Ordnance R. C., Washington. STEINAU, J. M., private, Sanitary Corps, U. S. N. A., Washington 
HORNER, LEONARD S., major, Equipment Division, Signal Corps, STRAHLMAN, OTTo E., first lieutenant, Aviation Section, Signa! 

U. S. A., Washington R. C., (mail) McCook Field, Dayton, Ohio 
HOWARD, WALTER §&., first lieutenant, Military Truck Productior STrAusS, N. FRANK, lieutenant, Ordnance R. C., Washington 

Section, office of Quartermaster General, Washington. SWINTON, D. R., first lieutenant, Quartermaster Corps, U. S. A 
HUBBELL, LINDLEY D., major, Ordnance R. C., Springfield, Mass., assigned to office of Quartermaster General 

assigned as Officer in Charge, Hill Shops, Springtield Armory TEETOR, D. C., captain, Ordnance R. C., Kenosha, Wis., assigned to 
JEFFREY, Max L., first lieutenant, Military Truck Production Sec- Motor Section. 

tion, Office of Quartermaster General, Washington. THOMPSON, H. E., first lieutenant, Motor Equipment Section, Car 
JENNINGS, J. J., first lieutenant, Quartermaster R. C., A. E. F riage Division, Ordnance R. C., Washington. 

France THOMSON, CLARKE, lieutenant, Signal R. C., Washington 
Joy, HENRY B., major, Aviation Section, Signal R. C., Washington TITSCH, WALTER H., captain, Quartermaster Corps, U. S. N \ 
KENDRICK, JOHN F., Signal Corps, A. E. F., France, assigned to Washington. 

tesearch Inspection Division. TOLMAN, EDGAR BRONSON, JR., first lieutenant, 311th Engineers 
KENNEDY, H. H., lieutenant, Ordnance Department, U. S. A., Wash- U. S. A., Camp Grant, Rockford, Ill 

ington, assigned as inspector of ordnance TURNER, HARRY C., captain, Engineer R. C., A. E. F., France 
KLINE, H. J., first lieutenant, Ordnance R. C., Washington, assigned TWACHTMAN, QUENTIN, first lieutenant, Engine Design Sectior 

to Antiji-Aircraft Section, Carriage Division Signal R. C., Washington 
KouR, Ropert F., second lieutenant, Engineers R. C., Washington UNDERHILL, C. R., captain, Radio Section, Signal R. C., Washington 
KOTTNAUER, EDWIN H., first lieutenant, Ordnance R. C., assigned to VaIL, E. L., lieutenant, Signal Corps, U. S. A., Washington 

The Nash Motors Co., Kenosha, Wis. VINCENT, JESSE G., lieutenant colonel, Aviation Section, Signa 
LANE, ABBOTT A., first lieutenant, Aviation Section, Signal R. C Corps, U. S. A., Miami Hotel, Dayton, Ohio 

Detroit, Mich. VONACHEN, F. J., lieutenant, Ordnance Department, U. S. N. A 
L.ANZA, MANFRED, major, Quartermaster Corps, U. S. A., headquar Rock Island Arsenal, Rock Island, Ill 

ters 78th Division, Camp Diz, N. J. WALDON, SIDNEY D., colonel, Equipment Division, Signal Corps 
LARSEN, LESTER REGINALD, second lieutenant, Engineer R. C., Was/ U. S. A., Washington. 

ington. WALL, WILLIAM GUY, major, Ordnance R. C., Washington, assigned 
LAVERY, GEo. L., JR., first lieutenant, Ordnance R. C., Washington to motorization work 
LAY, ARTHUR J captain, Aviation Section, Signal R. C., Wash- WALTER MAuURICE, first lieutenant, Ordnance R. C Washington 

ington, 


WALTON, FRANK, acting sergeant, Quartermaster Corps, l Ss. A 


LEFEVRE, WM. G., lieutenant, Ordnance R. C., Washington Quartermaster Repair: Unit, (mail) Washington, D. (¢ 
LEWIS, CHARLES B., captain, Ordnance R. C., Camp Lewis, Amer- WETHERILL, S. P. JR., major, Quartermaster R. C., Washington 
ican Lake, Wash W HITTENBERGER, OWEN M., first lieutenant, Ordnance R. C., Wasi 
LEWIS, HARRY R., JR., first lieutenant, Ordnance R. C., Springfield ington, assigned to Office of Chief of Ordnance 
Armory, Springfield, Mass WILSon, T. S., lieutenant colonel, First Indiana Field Artillery 
LIPSNER, B. B., captain, Air Division, Aviation Section, Signal R. C Santa Fe, N. M. 
Washington W EHOUSI B. A sergeant, Co. A, 339th Infantry, Camp ¢ ¢ 
McIntyre, H. C., captain, Ordnance R. C.. Washington _ Mich ; u 2 , ; : 
McMurtTrY, ALDEN L., captain, office of Surgeon General, Sanitary Woop, Haro_p F., lieutenant, Specification Section, Equipment D 
Corps, U. S. N. A., Washington vision, Signal R. C Washington, 
MACKIE, MITCHELL, major, Quartermaster Corps, U. S. A., A Woops, S. H., captain, Military Truck Production Section, Office ¢ 
EE. F., France, assigned to Motor Truck Transport Sectior Quartermaster General, Washington 
MARMON. HOWARD, major, Airplane Engineering Division, Signal as - ‘ 
R. C., McCook Field. antes. Ohio ‘ ' ' CIVILIAN HONOR ROLL 
MARSHALL, W. C., captain, Ordnance R. C Washingtor ADAMS, PorRTER H Office of the Section Commande: First Nava 
MARTIN, KINGSLEY G., captain, Quartermaster R. C., Camp Dodge, District. Rockford, Me 
Iowa \GINS, HERMAN J., Quartermaster Engineering Department, W 
May, HENRY, JR., first lieutenant, Military Truck Production Sec- Department, Washington 
tion, Office of Quartermaster General, Washington ANDERSON, E. S., mechanical engineer, Aviation Sectior Signa 
MAy, O. J., captain, Aviation Section, Signal R. C., Camp Custer Corps, U. S. A., Rockwell Field, N. Island, San Diego, Tal 
Battle Creek, Mich BARE, ERWIN L., automobile body designer, Office of Quartermaster 
MERGI, WILLIAM, Co. B., First Battalion, 153d Depot Brigade, Camp 


General, Washington. 


Dix, Wrightstown, N. J BARNHARDT, GEO. E., instructor, Signal Corps Aviation Scho 


MIDDLETON, Ray T., first lieutenant, Air Service, A. E. F., Paris, 


l 





San Diego, Cal 

France BELLING, G. C. C., U. S. Navy Department, Custom Hous Bostor 
MILLER, B. F., major, Quartermaster Corps, U. S. A., Washington BootH, Frep C., draftsman, Motor Transport Division, Quarter 
MILLER, C. A., first lieutenant, Quartermaster Corps, U. S. N. A., master Department, U. S. A., Washington 

Washington Bourauin, J. F., supervisor of chassis assembly, Military Tru 
MOFFAT, ALEX. W., ensign, commanding U. S. S. “Tamarack” (S P Production Section, Office of Quartermaster General Wash 

561) Naval Defense Reserve, Postmaster, Foreign Station ington 

New York BRADFIELD, E. 8S Engineering Department, Naval Factory Phila 
MONCRIEFF, V. I1., captain, Aviation Section, Signal R. C., Wash- delphia 

ington BURTON, W. DEAN, aeronautical mechanical engineer, Sig ( 
MorGAN, M. B., captain, Ordnance R. C., Washington uo. a za t Omaha. Neb 
MURPHY, JOSEPH G., Sanitary Corps, U. S. N. A., Washington CALDWI FR K W., aeronautical mechanical enginee: Aviatior 
Myers, J. L., first lieutenant, Ordnance R. C., Washington Section, Signal Corps Washington (mail) 1449 Massact 
NAHIKIAN, S. M., lieutenant, Aviation School, Massachusetts Insti- setts Avenue, N. W 

tute of Technology, Cambridge, Mass CHAPMAN, ROBERT H., U. S. N Spartanburg, S. C gned te 
OLDFIELD, LEE W., captain, Signal R. C Washington issigne: is Aeronautical Division 

aeronautical enpineer CHAUVEA ROGER aeronauti mechanical engineer \ at 
OMMUNDSON, H. P., Flying’ Corps, U. S. N., Aeronautic Station Section, Signal Corps, Washingtor 

Pensacola, Fla CLARK, ELMER J., Signal Corps, U. S. A Portland, Ore issigned 
OTTo, HENRY S., lieutenant, Intelligence Section, A. E. F., France as district manager of inspectior 
Pack, Victor W., first lieutenant, Aviation Section, Signal R. C., COFFIN, Howarp E., chairman, Aireraft Production Board, Wasi 

Mineola, N. Y ington 
PAINE, C. L., captain, Ordnance R. C., 818 North Illinois Avenue COSTELLO, JOHN V., aeronautical engineer airplane engineering 

Indianapolis, assigned to work on tanks division, Signal Corps, Dayton, Ohio 
PARKER, RICHARD E., captain, Quartermaster R. C Washington DEKLYN, JOHN H technical assistant, Nationa Advisor ( 

assigned to Southern Department mittee on Aeronautics, Washington 
PEARMAIN, W. J., captain, Ordnance R. C., A. E. F., France Dick, Ropert I., motor truck expert, Ordnance Department, Cam] 
PEIFER CARL B., Heutenant, Specification Section, Signal Corps Dodge, Iowa 

U. S. A., Washington DIFFIN, F. G., chairmar International Aircraft Standards Board 
PFEIFFER, BEN. S., first lieutenant, Ordnance R. C., Rock Island Washington 

Arsenal, Rock Island, Ill., assigned to Motor Section EDGERTON, A. H aeronautical mechanical engineer, Inspectior 
Post, EDWIN M., Jr., lieutenant, U. S. Air Service, A. E. F., France Section, Signal Corps, U. S. A., assigned to Equipment Divisio: 
PoTTER, AUSTIN E., lieutenant, New York Naval Militia, Brooklyn, EDMONDSON, D. E., U. S. Signal Service at Large, Washington 

a. ae assigned as inspector of airplanes and airplane engines, Erics 
POWELL, W. B., officer in charge of transportation, Imperial Min- son Mfg. Co., Buffalo 

istry of Munitions, (mail) Box 94, Quebec, Can ELLIoTT, E. M., U. S. Public Service Reserve, Department of Labo 
PULLEN, DANIEL D., major, 7th Regiment, Engineer Corps, U. S. A 1712 I Street, Washington 

A. E. F., France. ERICSON, FRIEHOF G., representative of Canada, Internationa 4 
RANNEY, A. ELLIOT, major, Air Division, Signal Corps, U. S. A, craft Standards Board, Washington 

Washington FERRY, PHILUIPs B., Signal Corps, U. S. A McCook Field, Day- 
RAWLEY, Jos., captain, Co. A., 310th Engineers, U. S. A., Camp to Ohio 

Custer, Battle Creek, Mic) FOWLER, HARLAN D., aeronautical engineer, Aviation Section, Sig 


Ropsinson, H. A., ensign, N. R., U. S. N., Washington nal Corps, Mineola, N. Y 
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FROESCH, CHARLES, aeronautical mechanical engineer, Aviation 
Section, Signal Corps, Washington. 
GILL, R. O., inspector of airplanes, Equipment Division, Signal 
Corps, (mail) Dayton-Wright Airplane Co., Dayton, Ohio. 
GIRL, CHRISTIAN, director, Military Truck Production Section, Of- 
fice of Quartermaster General, Washington. 

GRIMES, C. P., Signal Corps, U. S. A., McCook Field, Dayton, Ohio, 
assigned to airplane engineering department 

GORMAN, E. J. B., U. S. Flying Corps, N. R., U. S. N., Dayton, 
Ohio, assigned to inspection of airplane engines, Dayton-Wright 
Aeroplane Co 

(GUERNSEY CHAS., Quartermaster Corps, U 
assigned to Motor Transportation Board 

GUNN, E. G.,*production engineer, Quartermaster Corps, U. S. A., 
Washington, assigned to Motor Transportation Division 

HALE, W. A., aeronautical mechanical engineer, Signal Corps, U 
S. A., Dayton, Ohio. 

HALLETT, GEO. E. A., aeronautical mechanical engineer, Signal 
Corps, Aviation School, San Diego, Cal. 

HARRIGAN, F. P., Signal Corps, U. S. A., McCook Field, 
Ohio, assigned to Plane Design Section 

HECKEL, C. E., truck designer, Transport Division, 
Corps, U. S. A., Washington. 

Hicks, HARLIE H., airplane engineering division, 
S. A., Dayton, Ohio 

Hospsps, J. W., automobile expert, Ordnance Department, Rock 
Island Arsenal, Rock Island, IIl. 

HOLDEN, F. M., airplane engineering division, Signal Corps, U. S 
A., Washington. 

HONIGMAN, Jos K., instructor, U. S. School 
Princeton University, Princeton, N. J. 

Hoyt, F. R., Aviation Section, Signal Corps, Washington. 

KALB, LEWIs P., assistant supervisor of inspection, Military Truck 


Production Section, office of Quartermaster General, Wash- 
ington, 


S. A., Washington, 


Dayton, 
Quartermaster 


Signal Corps, U 


of Military Aeronautics, 


KING, CHARLES B., aeronautical mechanical engineer, Aviation 
Section, Signal Corps, Washington. 

KISHLINE, FLoyp F., laboratory assistant, Quartermaster Corps, 
Washington. 

KROEGER, F. C., Quartermaster Corps, U. S. A., Washington, as- 
signed as engineer on electrical equipment 

KUEMPEL, REUBEN, Emergency Fleet, U. S. N., Pensacola, Fla., 
assigned as aeronautical draftsman, Hull Division, Depart- 
ment of Construction and Repair 

LADDON, I, M., aeronautical mechanical engineer, Signal Corps, 


U. S. A., McCook Field, Dayton, Ohio. 

LANE, ABBOTT A., inspector, Aviation Section, Signal Corps, (mail) 
Room 52, 870 Woodward Avenue, Detroit. 

I.20POLD, Jos., Engineers’ School, U. S. School of Military Aero- 
nautics, Ohio State University, Columbus, Ohio 

LLONGLETZ, WESLEY, Signal Corps, U. S. A., assigned as inspector on 

airplane engines at The Nordyke & Marmon Co., Indianapolis 

McCAIN, Geo. L., Signal Corps, U. S. A., Dayton, Ohio, assigned to 
airplane engineering department, Engine Design Section. 

McMASTER, MARCENUS D., aeronautical engineer, Equipment Divi- 
sion, Signal Corps, Washington. g 

MENNEN, F. E., Quartermaster Corps, U. S. A 
signed to Transportation Division 

MORGAN, G. W., supervisor of plant survey, Military Truck Pro- 
duction Section, Office of Quartermaster General, Washington. 

NELSON, A. L., aeronautical mechanical engineer, Signal Corps, 
U. S. A., MeCook Field, Dayton, Ohio 

NEUMANN, JOHN W., Planning Section, Machine Division, U. S. 
Navy Yard, Philadelphia 

Norris, G. L., Inspection Section, Equipment Division, Signal Corps 
Washington. 

O'MALLEY, JOHN M., 
Washington. 

OTis, J. HAWLEY, Ordnance 
Des Moines, Iowa 

PARISH, W. F., Signal Corps, U. S. A., Washington, assigned to 
Specification Section, Equipment Division 

PARKER, Victor C., Signal Corps, U. S. A., Washington, assigned 
to Equipment Division 


.. Washington, as- 


instructor, Aviation School, Signal Corps, 


Department, U. S. A., Camp Dodge, 


PaRRIS, JR, Epwarp L., senior inspector, Aviation Section, Signal 
Corps, (mail) Ericsson Mfg. Co., Buffalo. 

PERRIN, J. G., assistant, Signal Corps, U. S. A., 401 Lindsey Bldg., 
Dayton, Ohio, assigned to airplane engineering division. 

Proctor, C. D., Ordnance Department, U. S. A., Rock Island Ar- 
senal, Rock Island, IIll., assigned to Motor Section, Carriage 
Division. 

RICE, HARVEY M., inspector, Aviation Section, Signal Corps, (mail) 
Curtiss Aeroplane Co., Buffalo. 

RIDDLE, E. C., U. S. School of Military Aeronautics, Champaign, Ill. 

RIPPINGILLE, E. V., Aviation Section, Signal Corps, Washington. 

ROGERS, JOHN M., aeronautical engineer, Bureau of Construction & 
Repair, Navy Department, Washington. 

RUCKSTELL, G. E., Signal Corps, U. S. A., assigned as aeronautical 
mechanical engineer, Detroit. 

SALISBURY, Epwarp V., chief of motor transportation, American 
International Corp., Government Shipbuilding Yard, Hog 
Island, Philadelphia. 

SCHELL, JOHN A., aeronautical mechanical engineer, Signal Corps, 
U. S. A., MeCook Field, Dayton, Ohio 

ScHUPP, ARTHUR A., aeronautical mechanical engineer, Aviation 
Section, Signal Corps, Washington. 

SERRELL, ERNEST, aeronautical mechanical engineer, Aviation Sec- 
tion, Signal Corps, Washington. 

SHILLINGER, G. P., Ground Officers’ Engineering School, Kelly Field 
No. 1, San Antonio, Tex., assigned as instructor in ignition, 
starting and lighting. 

SLOANE, JNO. E., Signal Corps, U. S. A., Washington, assigned to 
Equipment Division. 

SMITH, G. W., JR., aeronautical mechanical engineer in charge of 
experimental division, Engineering Department, Naval Air- 
craft Factory, U. S. Navy Yard, Philadelphia. 

STALB, ARTHUR R, Jr., U. S. Navy Aeronautic Station, Pensacola, 
Fla., assigned as aeronautic draftsman, Hull Division. 

STANTON, D. T., military instructor, U. S. Army School of Military 
Aeronautics, Cornell University, Ithaca, N. Y 

Stout, WILLIAM B., technical advisor, International Aircraft Stand- 
ards Board, Washington. 

THIBAULT, F. J., aeronautical mechanical engineer, Signal Corps, 
U. S. A., Washington. 

TONE, FRED I., inspector, Aviation Section, Signal Corps, Wash- 
ington. 

TRACY, PERCY WHEELER, supervisor of parts plants, Military Truck 
Production Section, Office of Quartermaster General, Wash- 
ington. 

Urz, JoHN G., supervisor of inspection, Office of Military Truck 
Production Section, Office of Quartermaster General, Wash- 
ington. 

VAN Loon, HENRY M., 310th Engineers, Camp Custer, Battle Creek, 
Mich. 

WADE, GUSTAV, inspector, Aviation Section, Signal Corps, Wash- 
ington. 

WALDRON, RUSSELL E., Signal Corps, U. S. A., Detroit, assigned to 
Equipment Division. 

WALKER, Kari F., automotive engineer, Quartermaster Corps, U. 
S. A., Washington, assigned to Engineering Laboratory. 

WALTER, JOHN M., mechanical draftsman, Bureau of Ordnance, 
Navy Department, Washington. 

WARNER, EDWARD P., Signal Service at Large, U. S. A., Washing- 
ton, assigned as aeronautical engineer. 

WATERHOUSE, W. J., aeronautical engineer, Aviation Section, Signal 
Corps, (mail) Dayton-Wright Airplane Co., Dayton, Ohio. 
WeEltss, E. A., automobile designer, Quartermaster Corps, U. S. A., 

Washington, (mail) 812 C Street, S. E. 

WHINNE, WILBUR H., inspector, Quartermaster Corps, U. 8S. A., 
Detroit. 

WHITE, PERCIVAL, automobile expert, Ordnance Department, U. S&S. 
A., Rock Island Arsenal, Rock Island, Ill. 

WINTER, E. A., War Department, Rock Island Arsenal, Rock 
Island, Ill. 

WorTHEN, C. B., inspector, Aviation Section, Signal Corps, U 
A.. Washington. 


~ 

















Applications 
for 
Membership 


A list of current applications for membership is given 
below. The members are urged to send any pertinent 
information with regard to those whose names are given 
which the Council should have for consideration prior 
to their election. It is requested that such communica- 
tions from members should be sent promptly. 








CAMUSAT, MAURICE, 
Seine, France 

NIELSEN, LAURITZ F., mechanical engineer, 2549 Fillmore St., Minne- 
apolis 

BREEZE, GEORGE ALMOND, carburetion engineer, Holley Kerosene 
Carbureter Co., Detroit 

BUSHNELL, PuHIuIP S., assistant engineer, The Standard Parts Co., 
Cleveland. 

KENT, Bert M., patent counsel, The Standard Parts Co., Cleveland. 


KNOBLOCH, WILLIAM H., engine superintendent, Cleveland Tractor 
Co., Cleveland 


tool engineer, Automobiles Delage & Courbevoie, 


’ 


LOESER, WILLIAM G., assistant sales manager, The Moto-Meter Co 
Inc., Long Island City, N. Y. 

NOAKES, WILLIAM Epwarb, draftsman, engineering department, 
Quartermaster Corps, Washington. 

UMBENHAUER, HARRY COLLISTON, secretary-treasurer, Falls Tire 
Company, Chicago 

GREEN, L. P., production manager, The Cleveland Knife & Forge 
Co., Cleveland. 

LAMBERT, HARRY E., automobile draftsman, Pan Motor Co., St. Cloud, 
Minn. 

MARTIN, CHARLES H., president, general manager, Martin Rocking 
Fifth Wheel Co., Springfield, Mass 

SasaMoTo, LigeuT. CoLt. KItKUTARO, Tokyo Military Arsenal, Tokyo, 
Japan. 

WHITE, JrR.. CHARLES M., factory representative, Detroit Steel 
Products Co., Detroit. 
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